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TECHNICAL FIELD 

This invention relates to apparatuses, materials and methods for isolating 
RNA or DNA from a biological sample. 



BACKGROUND 



Nucleic acids such as deoxyribonucleic acid (DNA) 



and ribonucleic acid 



1 0 (RNA) are used extensively in the field of molecular biology for research and 
clinical analyses. A number of methods exist for isolating DNA and RNA that 
entail disruption of cells and liberating nucleic acids into a solution. RNA is 
highly sensitive to degradation. Therefore, methods also exist for protecting 
RNA from enzymatic digestion by RNA degrading enzymes (e.g., RNases). The 

15 RNA can then be separated from the DNA and protein. The isolation processes 
for DNA and RNA are usually performed in a stepwise fashion, wherein cells 
are lysed under conditions that inhibit DNases or RNases, and the nucleic acid 
purified from contaminating cellular material either by binding to a solid phase 
with subsequent washing to remove contaminants or by selective precipitation to 

20 partition the nucleic acids away from the contaminants. 



Additionally, instruments are available that automate the steps of 
isolating and purifying nucleic acid. Methods used by such instruments can 
include use of solid supports, such as glass fiber columns and other membranes, 
or use of magnetic particles in combination with chaotropic salts such as 
25 guanidine, or they pan use liquid-phase methods such as phenol/chloroform or 
salting-out methods. 



The compact apparatus, formulations and methods featured by the 
30 present invention allow for the economical extraction and purification of RNA, 
DNA, or both RNA and DNA from the same sample, thus providing an 
advantage to users. 

The present invention provides a process assembly that contains a 
magnetic processing assembly; and a magnetic elevator assembly, wherein the 
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magnetic processing assembly is configured to hold at least one tube (e.g., a 
conical tube), wherein the magnetic elevator assembly has a magnet mounting 
assembly, wherein the magnet mounting assembly has at least one magnet that is 
able to assume at least a first position and a second position, wherein in the first 
5 position, the at least one magnet is moved distally from the magnetic processing 
assembly and wherein in the second position, the at least one magnet is moved 
adjacent to the tube when the tube is in the magnetic processing tube assembly. 
In one embodiment of this magnetic processing assembly, the magnet mounting 
assembly is able to assume the at least first and second positions using a drive 

1 0 system. In certain embodiments of this magnetic processing assembly, the drive 
system may have either or both a pivoting bar and/or one or more springs. 

The present invention provides a pump assembly that contains at least 
one cylinder having a piston, a cylinder actuator rod, and an upper and lower 
port for fluidly connecting the cylinder to one or more pipettor assemblies. 

1 5 The present invention provides an apparatus for nucleic acid isolation 

that contains (a) a process assembly that has a mounting plate, wherein the 
mounting plate has (i) at least one holder for one or more tubes; (ii) a receiving 
mechanism for receiving the magnetic processing assembly; and (iii) a first and 
second receptacle for receiving reagents; (b) an upper deck assembly containing 
20 the pump assembly described above that contains a Y-direction drive 

mechanism; (c) an aspiration pipettor assembly; and (d) a dispense pipettor 
assembly, wherein the aspiration pipettor assembly and the dispense pipettor 
assembly are fluidly connected to the Y-direction drive mechanism. In certain 
embodiments, the mounting plate further has a holder for at least one pipette tip. 
25 In certain embodiments, the mounting plate may have at least two holders for 
tubes (e.g., one holder for output tubes and the other holder for waste tubes). In 
certain embodiments, the reagents are contained within one or more reagent 
packs. In certain embodiments, the apparatus also has a magnetic processing 
assembly. 

30 The present invention provides a system for automated isolation of 

nucleic acids, which has as one element the apparatus described above, and an 
electronic control system, wherein the electronic control system contains a 
microcontroller (e.g., a programmable microcontroller) and a user interface (e.g., 
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a display). In one embodiment, the apparatus also has a magnetic processing 
assembly. 

The present invention provides several automated methods for isolating 
nucleic acid from a biological sample containing nucleic acid. In one 
5 embodiment, the automated method isolates nucleic acid from a biological 
sample containing nucleic acid using the following steps: (a) adding a sample 
containing a biological starting material into a magnetic processing tube, 
wherein the magnetic processing tube contains silica coated magnetic particles, 
and optionally an enzyme solution; and (b) activating an apparatus for isolating 

1 0 nucleic acids, wherein the apparatus comprises a dispense pipettor assembly; a 
aspiration pipettor assembly; reagent pack comprising an optional lysis solution, 
an optional nucleic acid binding solution, a wash I solution, an optional wash II 
solution, a wash III solution, an optional wash IV solution, and elution solution; 
disposable tips; an output tube, a waste tube; magnetic elevator assembly; and a 

15 magnetic processing tube, wherein the apparatus carries out the following steps: 

(1) optionally verifying the presence and/or volume of the sample by 
a sensing means; 

■ 

(2) optionally transferring lysis solution from the reagent pack to the 
magnetic processing tube by means of the dispense pipettor assembly and 

20 incubating the samples with heat; 

(3) optionally transferring nucleic acid binding solution from the 
reagent pack to the magnetic processing tube by means of the dispense 
pipettor assembly, contacting the magnetic processing tube with the 
magnetic elevator assembly, and aspirating liquid from the magnetic 

25 processing tube to the waste tube; 

(4) transferring wash I solution from the reagent pack to the magnetic 
processing tube by means of the dispense pipettor assembly, contacting 
the magnetic processing tube with the magnetic elevator assembly, and 
aspirating liquid from the magnetic processing tube to the waste tube; 

30 (5) optionally transferring wash II solution from the reagent pack to 

* 

the magnetic processing tube by means of the dispense pipettor assembly, 
contacting the magnetic processing tube with the magnetic elevator 
assembly, and aspirating liquid from the magnetic processing tube to the 
waste tube; 

r 
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(6) transferring wash III solution from the reagent pack, one or more 
times, to the magnetic processing tube by means of the dispense pipettor 
assembly, contacting the magnetic processing tube with the magnetic 
elevator assembly, and aspirating liquid from the magnetic processing 

5 tube to the waste tube; 

(7) transferring elution solution from the reagent pack to the 
magnetic processing tube by means of the dispense pipettor assembly to 
form a purified nucleic acid sample, contacting the magnetic processing 
tube with the magnetic elevator assembly; and 

10 (8) transferring the purified nucleic acid sample from the magnetic 

processing tube by means of the aspiration pipettor assembly to an output 
tube. 



In certain embodiments, the sample is mixed by the aspiration pipettor 
15 assembly after the dispensing pipettor assembly dispenses a solution. The 
aspiration pipettor assembly accomplishes this mixing by pipetting the sample 
up and down. 

In certain embodiments, the sample to be isolated is DNA, RNA or both 
DNAandRNA. 

20 In certain embodiments, the binding solution contains 50 to 150 mM Tris 

at a pH of about 7 to 10, a complexing salt at a concentration of about 5 to 1 5 M, 
and a surfactant at a concentration of about 5 to 15%. The complexing salt may 
be lithium chloride. The solution may further contain an alcohol. In an 
alternative embodiment the binding solution only contains an alcohol. 

25 In certain embodiments, the enzyme solution contains about 10 to 25 

mg/mL Proteinase K and/or about 2 to 20 mg/mL RNase A. 
In certain embodiments, the method involves the following steps after step (6): 

(i) transferring DNase I solution and Rebinding solution from 
the reagent pack to the magnetic processing tube by means of the 

30 dispense pipettor assembly, contacting the magnetic processing tube with 

the magnetic elevator assembly, and aspirating liquid from the magnetic 

* 

processing tube to the waste tube; 

(ii) transferring wash IV solution from the reagent pack, one 
or more times, to the magnetic processing tube by means of the dispense 
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pipettor assembly and mixing, contacting the magnetic processing tube 
with the magnetic elevator assembly, aspirating liquid from the magnetic 
processing tube to the waste tube; 

(iii) transferring wash III solution from the reagent pack, one 
5 or more times, to the magnetic processing tube by means of the dispense 

pipettor assembly and mixing, contacting the magnetic processing tube 
with the magnetic elevator assembly, and aspirating liquid from the 
magnetic processing tube to the waste tube. 

1 0 In certain embodiments the DNase I solution contains DNase I present at 

a concentration of about 0.25 to 1.0 U/jiL. 

In certain embodiments, the rebinding solution comprises salt, such as 
lithium chloride, at a concentration of about 5 to 15 M (e.g., 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, or 15 M) and/or an alcohol such as ethanol or isopropanol, at about 

15 20 to 100 % v/v (e.g., 20, 30, 40, 50, 60, 70, 80, 90, 100% v/v). 

In certain embodiments the lysis solution contains a lithium salt at a 
concentration of about 2 M to about 9 M, one or more amphiphilic reagents at a 
concentration of at least 1 0-40% w/v, and a buffer, wherein the solution has a 
pH of at least 7. 

20 In certain embodiments, the wash I solution contains lithium salt at a 

concentration between 4-10 M (e.g., 5 M LiCl), and an alcohol at a concentration 

4 

of about 1 5-80 % v/v (e.g., 55% ethanol). 

In certain embodiments, the wash II solution is an alcohol (e.g., 100% 
isopropyl alcohol at a concentration of 100% v/v). 
25 In certain embodiments, the wash III solution contains a buffer (e.g., 50 

to 150 mM Tris at a pH of about 6 to 9), 50 to 90% v/v starting concentration of 

* 

alcohol, and a chelator (e.g., 1 to 20 mM EDTA). In one example, the wash HI 
solution comprises 70% ethanol (starting concentration, v/v), 1 00 mM Tris (pH 
6-8) and 5mM EDTA. ' 
30 In certain embodiments, the wash IV solution comprises 4- 10 M lithium 

salt (e.g., 6 M LiCl), an alcohol at a concentration of about 5 to 30 % v/v (e.g., 
18% methanol, final concentration). ■ 

In certain embodiments, the magnetic particles are packaged in a mixture 
containing glycerol, and the mixture may further contain a buffer. 
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In certain embodiments, the magnetic elevator assembly has a magnet 
mounting assembly and at least one magnet operably linked to the magnet 
mounting assembly, wherein the at least one magnet that is able to assume at 
least a first position and a second position, wherein in the first position, the at 
5 least one magnet is moved distally from a magnetic processing tube holder and 
wherein in the second position, the at least one magnet is moved adjacent to the 
magnetic processing tube holder. 

In certain embodiments, the precision pump has at least one cylinder 
comprising a piston; a cylinder actuator rod; and an upper and lower port for 
1 0 fluidly connecting the cylinder to one or more pipettor assemblies. 

One embodiment of the inventive method (DN A Direct Lysis protocol) 
has the following steps: (a) adding a sample containing a biological starting 
material into a magnetic processing tube; and (b) activating an apparatus for 

15 isolating nucleic acids, using a Direct Lysis Protocol for DNA, where the 
apparatus has a dispense pipettor assembly; a aspiration pipettor assembly; 
reagent pack containing Lysis solution, Binding solution, Wash I solution, Wash 
II solution, Wash HI solution and Elution solution; disposable tips; an output 
tube, a waste tube; magnetic elevator assembly; and a magnetic processing tube 

20 containing magnetic particles such as silica coated magnetic particles, buffer, 
glycerol and Proteinase K. The apparatus carries out the following steps: 

(1) verifying the presence and volume of the sample by a sensing 
means; 

■ 

(2) transferring lysis solution from the reagent pack to the magnetic 
25 processing tube by means of the dispense pipettor assembly, and 

■ • 

w * 

incubating the samples with heat; 

(3) transferring DNA binding solution from the reagent pack to the 
magnetic processing tube by means of the dispense pipettor assembly and 
mixing, contacting the magnetic processing tube with the magnetic 

30 elevator assembly, and aspirating liquid from the magnetic processing 

tube to the waste tube; 

(4) transferring wash I solution one or more times from the reagent 
pack to the magnetic processing tube by means of the dispense pipettor 
assembly and mixing, contacting the magnetic processing tube with the 
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magnetic elevator assembly, and aspirating liquid from the magnetic 
processing tube to the waste tube; 

(5) transferring wash II solution from the reagent pack to the 
magnetic processing tube by means of the dispense pipettor assembly and 

5 mixing, contacting the magnetic processing tube with the magnetic 

elevator assembly, and aspirating liquid from the magnetic processing 
tube to the waste tube; 

(6) transferring wash III solution from the reagent pack, one or more 
times, to the magnetic processing tube by means of the dispense pipettor 

10 assembly and mixing, contacting the magnetic processing tube with the 

magnetic elevator assembly, aspirating liquid from the magnetic 
processing tube to the waste tube; 

(7) transferring elution solution from the reagent pack to the 
magnetic processing tube by means of the dispense pipettor assembly and 

1 5 mixing, to elute a purified nucleic acid sample, contacting the magnetic 

processing tube with the magnetic elevator assembly; and 

(8) transferring the purified DNA sample from the magnetic 
processing tube by means of the aspiration pipettor assembly to an output 
tube. 

20 

Another embodiment of the inventive method (DNA Lysate protocol) has 
the following steps: (a) adding a lysate containing DNA into a magnetic 
processing tube, and (b) activating an apparatus for isolating nucleic acids, using 
a Lysate Protocol for DNA, where the apparatus has a. dispense pipettor 
25 assembly; a aspiration pipettor assembly; a bottled Lysis solution, RNase 

reagent, a reagent pack containing an optional Binding solution, Wash I solution, 
Wash III solution, and Elution solution; disposable tips; an output tube, a waste 
tube; magnetic elevator assembly; and a magnetic processing tube containing 
silica coated magnetic particles, buffer, and glycerol The apparatus carries out 
30 the following steps: 

(1) verifying the presence and volume of the samph by a sensing 
means; 
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(2) adding an optional binding solution, contacting the magnetic 
processing tube with the magnetic elevator assembly, and aspirating 
liquid from the magnetic processing tube to the waste tube; 

(3) transferring wash I solution one or more times, from the reagent 
5 pack to the magnetic processing tube by means of the dispense pipettor 

assembly and mixing, contacting the magnetic processing tube with the 
magnetic elevator assembly, aspirating liquid from the magnetic 
processing tube to the waste tube; 

(4) transferring wash III solution from the reagent pack, one or more 
1 0 times, to the magnetic processing tube by means of the dispense pipettor 

assembly and mixing, contacting the magnetic processing tube with the 
magnetic elevator assembly, aspirating liquid from the magnetic 
processing tube to the waste tube; 

(5) transferring elution solution from the reagent pack to the 

1 5 magnetic processing tube by means of the dispense pipettor assembly and 

mixing, to elute a purified nucleic acid sample, contacting the magnetic 
. processing tube with the magnetic elevator assembly; and 

(6) transferring the purified DNA sample from the magnetic 
processing tube by means of the aspiration pipettor assembly to an output 

20 tube. 



Another embodiment of the inventive method (RNALysate protocol) has 
the following steps: (a) adding a lysate containing the nucleic acids (total nucleic 
acids) into a magnetic processing tube, and (b) activating an apparatus for 
25 isolating nucleic acids, using a Lysate Protocol for RNA, where the apparatus 
has a dispense pipettor assembly; a aspiration pipettor assembly; a bottled Lysis 

> 

solution, a reducing agent, a reagent pack containing an optional Binding 
solution, Wash I solution, Wash m solution, DNase solution, Rebinding solution, 
Wash IV solution, and elution solution; disposable tips; an output tube, a waste 
30 tube; magnetic elevator assembly; and a magnetic processing tube containing 
silica coated magnetic particles, buffer, and glycerol. The apparatus carries out 

the following steps: 

(1) verifying the presence and volume of the sample by a sensing 

means; 
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(2) adding an optional binding solution, contacting the magnetic 
processing tube with the magnetic elevator assembly, and aspirating 
liquid from the magnetic processing tube to the waste tube; 

(3) transferring wash I solution from the reagent pack to the magnetic 
5 processing tube by means of the dispense pipettor assembly and mixing, 

contacting the magnetic processing tube with the magnetic elevator 
assembly and aspirating liquid from the magnetic processing tube to the 
waste tube; 

(4) transferring wash HI solution from the reagent pack, to the 

1 0 magnetic processing tube by means of the dispense pipettor assembly and 

mixing, contacting the magnetic processing tube with the magnetic 
elevator assembly, and aspirating liquid from the magnetic processing 
tube to the waste tube; 

(5) transferring DNase solution from the reagent pack, to the 

1 5 magnetic processing tube by means of the dispense pipettor assembly and 

mixing; 

(6) transferring Rebinding solution from the reagent pack, to the 
magnetic processing tube by means of the dispense pipettor assembly and 
mixing, contacting the magnetic processing tube with the magnetic 

20 elevator assembly, and aspirating liquid from the magnetic processing 

tube to the waste tube; 

(7) transferring wash IV solution from the reagent pack, one or more 
times, to the magnetic processing tube by means of the dispense pipettor 
assembly and mixing, contacting the magnetic processing tube with the 

25 magnetic elevator assembly, and aspirating liquid from the magnetic 

processing tube to the waste tube; 

(8) transferring wash III solution from the reagent pack, one or more 
times, to the magnetic processing tube by means of the dispense pipettor 
assembly and mixing, contacting the magnetic processing tube with the 

30 magnetic elevator assembly, and aspirating liquid from the magnetic 

processing tube to the waste tube; 

(9) transferring elution solution from the reagent pack to the 
magnetic processing tube by means of the dispense pipettor assembly and 

* 
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mixing, to elute a purified nucleic acid sample, and contacting the 
magnetic processing tube with the magnetic elevator assembly; and 
(10) transferring the purified RNA sample from the magnetic 
processing tube by means of the aspiration pipettor assembly to an output 
5 tube. 

In certain embodiments of the invention, the magnetic particles are 
packaged in a mixture containing glycerol, and may further contain a buffer and 
enzymes, which are dried in order to immobilize the beads at the bottom of the 
10 tube and stabilize the enzymes. In one embodiment, the magnetic elevator 
assembly has a magnet mounting assembly and at least one magnet operably 
linked to the magnet mounting assembly, wherein the at least one magnet that is 
able to assume at least a first position and a second position, wherein in the first 

* 

position, the at least one magnet is moved distally from a magnetic processing 

15 tube holder and wherein in the second position, the at least one magnet is moved 
adjacent to the magnetic processing tube holder. In one embodiment, the 
precision pump has at least one cylinder comprising a piston; a cylinder actuator 
rod; and an upper and lower port for fluidly connecting the cylinder to one or 
more pipettor assemblies. 

20 The present invention provides an automated method for isolating DNA 

from a biological sample containing DNA, which has three steps. The first step 
involves mixing a first reagent (a Lysis reagent) having a pH of at least 9, a 
sample, and magnetic particles (which may be in glycerol, with or without 
Proteinase K also present) to lyse the cells in the sample and thus release nucleic 

25 acid from the sample. The lysing step may take place in the presence of heat 
The first (Lysis) reagent contains (1) a lithium salt at a concentration of about 2- 
5 M; (2) a surfactant at a concentration of about 20-40% by volume; (3) a buffer; 
(4) a chelating agent at about 5-20 mM; (5) a detergent at about 0.05 - 2%; (6) 
an antifoaming agent at about 0.005-0.1% by volume, to form a lysate. The 

30 second step involves adding a second reagent to. the lysate, such that the DNA 
quantitatively binds to the magnetic particles, wherein the second reagent 
contains (1) a lithium salt at a concentration of at least 9 M; (2) a surfactant 
concentration of at least 5%, and (3) a buffer. The third step involves applying a 
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magnetic force to the magnetic processing tube, wherein the DNA is liberated 
from the sample. 

The present invention provide an automated method for isolating DNA or 
RNA from a biological Lysate containing DNA or RNA, which has the three 
5 steps. First, one mixes a first reagent (a Lysis solution) having a pH of at least 7 
into a sample and homogenizing the sample so that the cells in the sample are 
lysed to release nucleic acid from the sample to form a lysate, and mixing the 
Lysate with magnetic particles in glycerol in a magnetic processing tube. In this 
embodiment, the Lysis reagent contains (1) a lithium salt at a concentration of 
10 about 2-10 M; (2) a surfactant at a concentration of about 5-20% by volume; (3) 
a buffer; (4) a chelating agent at about 5-20 raM; (5) a detergent at about 0.05 - 
5%; and (6) an antifoaming agent at about 0.005-0.1% by volume. Second, one 
optionally adds a second reagent to the lysate, such that DNA or RNA 
quantitatively bind to the magnetic particles; wherein the second reagent 
15 contains (1) a lithium salt at a concentration of at least 5 M; (2) a surfactant 
concentration of at least 5%; (3) a buffer; and (4) optionally, an alcohol such as 
ethanol or isopropanol, or the second reagent may be an alcohol such as ethanol 
or isopropanol. Third, one applies a magnetic force to the magnetic processing 
tube, wherein the DNA or RNA is liberated from the sample. In certain 
20 embodiments, the buffered binding solution contains a lithium salt at a 

concentration of at least 9 M, a surfactant at a concentration of at least 1 0%, and 
a pH of 8. In certain embodiments, the alcohol binding solution comprises 
lithium salt at a concentration of at least 5 M and an alcohol at a concentration of 
at least 55% v/v. 

25 The present invention provides lysis solutions for lysing cells containing 

a lithium salt (e.g., lithium chloride or lithium bromide) at a concentration of 
about 2 M to about 10 M, a surfactant of about 5 % to about 40 %, a buffer (e.g., 
Tris), wherein the solutions have pH values of at least 7 to about 11, each 
containing a chelating agent of about 5 mM to 20 mM, each containing a 

30 detergent of about 0.05 % to about 2 %, and each containing an antifoam agent 
(e.g., Dow Corning® Antifoam A compound) of about 0.005 % to about 0.1 %. 
In certain embodiments, the lysis solution may contain 20 mM TCER In certain 
embodiments, the surfactant is diethylene glycol monoethyl ether (DGME). In 

* 

certain embodiments the buffer is Tris buffer. In certain embodiments, the 
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solution has a pH of at least about 9, or even at least about 1 1 . In certain 
embodiments the detergent is a non-ionic detergent, such as a Tween class 
detergent, a Triton class detergent, a Tergitol detergent, Nonidets or Igepal. In 
certain embodiments, the detergent is an anionic detergent, such as SDS (sodium 
dodecyl sulfate). In certain embodiments the surfactant is diethylene glycol 
monoethyl ether (DGME). In certain embodiments, the lithium salt is present at 
a concentration of about 2 M to about 5 M. In certain embodiments, the lysis 
solution contains 50 mM Tris (pH 10-11), 2 M LiCl, 0.1% SDS, 30% DGME, 10 
mM citrate and 0.05% Dow Corning® Antifoam A compound. In an alternative 
embodiment, the lysis solution contains 100 mM Tris (pH 7), 8 M LiCl, 0.1% 
Triton X, 10% DGME, 10 mM EDTA and 0.01% Dow Corning® Antifoam A 
compound. 

In certain embodiments the buffer is citrate buffer. In certain 
embodiments, the chelating agent is ethyl enediaminetetraacetic acid (EDTA). In 
certain embodiments, the chelating agent is citrate. In certain embodiments, the 
detergent is a nonionic detergent, such as a Tween class detergent, a Triton class 
detergent, a Tergitol detergent, Nonidets or Igepal. In certain embodiments the 
detergent is an ionic detergent, such as the anionic detergent sodium dodecyl 
sulfate (SDS). In certain embodiments the antifoam agent is Dow Corning® 
Antifoam A compound. 

The present invention provides a reagent pack for purifying DNA, RNA 3 
or both DNA and RNA, where the reagent pack has several separate 
compartments which contain purification reagents. In one embodiment for 
DNA, the reagent pack contains a lysis solution, a binding solution, one or more 
wash solutions and an elution solution. In another embodiment for DNA, the 

i 

reagent pack contains one or more wash solutions and an elution solution. In 
one embodiment for RNA, the reagent pack contains one or more wash 
solutions, a DNase solution, an RNA rebinding solution, and an elution solution. 
In certain embodiments, the reagent pack further comprises a sealed cover, such 
as a pierceable material (e.g., a polypropylene cover) and/or a silicone 
evaporation barrier The present invention provides a kit .comprising 
packaging material and storage media for magnetic beads comprising glycerol, 
silica-coated magnetic particles, buffer, and in certain embodiments Proteinase 
K. 
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Other features and advantages of the invention will be apparent from the 
following detailed description, and from the claims. Unless otherwise defined, 
all technical and scientific terms used herein have the meaning commonly 
understood by one of ordinary skill in the art to which this invention belongs. 
5 All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In case of conflict, the 
present specification, including definitions, will control. The disclosed 
materials, methods, and examples are illustrative only and not intended to be 
limiting. Skilled artisans will appreciate that methods and materials similar or 

* 

10 equivalent to those described herein can be used to practice the invention. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows a schematic of a top view (A), a side view (B) and a 
. perspective view (C) of one embodiment of a Process Assembly. 
15 Figure 2 shows a schematic of one embodiment of a Process Assembly 

(A), a Magnetic Processing Assembly (B), and a Magnetic Elevator Assembly 
(C). 

Figure 3 shows a schematic of one embodiment of an apparatus for 
isolating nucleic acid as described herein. 
20 Figure 4 shows a schematic of one embodiment of an Upper Deck 

Assembly and a Pump Assembly. 

Figure 5 shows a schematic of one embodiment of a single cylinder from 
a Pump Assembly. Top Port 69 connects to valve which connects to Dispense 
Pipettor Assembly 48. Bottom Port 70 connects to valve which connects to 
25 Aspiration Pipettor Assembly 38. 

Figure 6 shows a schematic of one embodiment of an Electronic Control 

System of the invention. 

Figure 7A shows one embodiment of a Reagent Pack, and Figure 7B 
shows an exemplary Reagent Pack Holder holding a series of Reagent Packs that 
30 could be used for a direct lysis protocol described herein. 

Figure 8A shows RNA samples analyzed by gel electrophoresis. The 
sample was treated following the RNA Lysate Protocol. 5 Million K562 Cells 
were used with or without a Binding Solution addition step. Figure 8B shows 
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RNA Lysate Protocol yield per million Cells. One and five 5 Million K562 
Cells were used with or without Binding Solution addition step. 

Figure 9A shows a DNA Lysate electrophoresis gel. Five million 
cultured cells were treated with or without RNase A. Figure 9B is a DNA 
5 Lysate yield graph. Five million cultured ceils were used with or without RNase 
A treatment. 

Figure 10A shows a DNA Direct Lysis electrophoresis gel. Two hundred 
fiL Whole Blood was tested in two instrument runs of eight samples each. 

< 

Figure 9B is a DNA Direct Lysis yield graph. A two hundred \\L whole blood 
10 sample was used in each of two instrument runs of eight samples each. 

Figure 1 1 A shows a DNA Direct Lysis electrophoresis gel. Five hundred 
(iL Buffy Coat Lysis was tested and Binding Volume Variation. Figure 1 IB 
shows a DNA Direct Lysis yield graph. Five hundred \iL Buffy Coat was used. 
The graph shows lysis. and binding volume variation. 

15 

DETAILED DESCRIPTION 

Developments in the biological, medical and pharmacological sciences 
have increased the interest in studying genes, and have intensified the need for 

sophisticated methods to obtain nucleic acids from a variety of samples. For 

- 

20 example, ribonucleic acids provide extensive information of the genetic origin 
and the functional activity of cells. Such information can be used, for example, 
in clinical practice, to diagnose infections, detect the presence of cells expressing 
oncogenes, detect heredity disorders, monitor the state of host defense 
mechanisms, investigate and diagnose metabolic diseases, investigate influence 

25 of drugs on gene expression in patients, and investigate side and toxic effects of 
drugs. 

Numerous nucleic acid purification methods exist that fall into two 
general categories, liquid phase purification and solid phase purification. In 
liquid phase purification, nucleic acids remain in the liquid phase, while 
30 impurities are removed by precipitation and/or centrifiigation. Alternatively, 
nucleic acids are precipitated out of solution while the impurities remain. In 
solid phase purification, the nucleic acids are bound to a solid support, while 
impurities are selectively eluted. For example, RNA isolated by liquid phase 
purification remains in the liquid phase, while impurities are removed by 
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processes such as precipitation and/or centrifugation. In solid phase purification, 
. RNA is bound to a solid support while impurities such as DNA, proteins, and 
phospholipids are selectively eluted. Both purification strategies utilize 
conventional methods, which require numerous steps and may use hazardous 
5 reagents, as well as more rapid methods, which require fewer steps and usually 
less hazardous reagents. In the case of DNA and RNA purifications, if the 
starting material {e.g., biological material) includes cells, both the liquid and 
solid phase methods require rupturing of the cells, or a lysis step. A lysis step 
results in DNA and RNA mixed with contaminants such as protein, lipids, 
1 0 carbohydrates, etc. Such a mixture also contains DNases and RNases that 
degrade DNA or RNA and must be removed and/or inactivated, so as to not 
" interfere with yielding substantially undegnided DNA or RNA. 

■ 

Instrument Components 

1 5 Numerous instruments exist that allow a user to obtain nucleic acid from 

a sample- For example, many commercially available liquid handler systems 
have modular stations that move liquids around the work station to automate 
routine liquid-handling tasks and nucleic acid purification for general molecular 
biology research. Such instruments generally contain pipettes for aspiration, 

20 sensing mechanisms for fluid levels, and other robotics for moving the sample 
and fluids to specified areas along the work station. See, e.g., U.S. Patent Nos. 
5,443,791 and 6,060,022. These work stations may further contain analysis 
functions to perform diagnostic assays (see, e.g., U.S. Patent No. 6,605,213). 
Some commercially available instruments for isolating nucleic acids include, for . 

25 example, liquid handlers such as those sold under the Tecan™ and Perkin-Elmer 
brands. Other instruments for nucleic acid isolation are sold under the brands 
BioRobot™ (Qiagen AG), MagNA Pure™ (Roche), Autopure LS™ (Gentra 
Systems, Inc.), and Autogenprep™ (AutoGen). Most of these instruments are 

9 

large and bulky, taking up twenty or more square feet of laboratory space, as 
30 well as being very expensive. 

Recently, a few companies have developed smaller, more compact 
instruments for nucleic acid purification. For example, the MagNA Pure 
Compact™ (Roche Applied Science) is for low-throughput (1-8 isolations per 
run) nucleic acid purification. The features of the instrument include pre-filled 

15 



WO 2007/050327 PCT/US2006/040173 

single-use reagent cartridges and a bar code reader. Also available is the EZ1™ 
(Qiagen). The Roche and Qiagen instruments are identical in their methods of 
isolating and purifying DNA in that they use magnetic particles and chaotropic 
reagents such as guanidine. Because of the single-use consumables as well as 
5 the internal components of these instruments, buying and using these 

instruments for nucleic acid isolation can be expensive ($25,000 to purchase the 
instrument plus $6.00-$ 10 per sample thereafter). 

The present invention provides a compact and economical apparatus for 
isolating nucleic acids (e.g., DNA and RNA) from a biological sample. The 
10 basic components of the present invention include, but are not limited to multi- 
use Reagent Packs 24 and other disposables, a Process Assembly 10, a Magnetic 
Elevator Assembly 28, an Upper Deck Assembly 56, and an Electronic Control 
System 78 with a User Interface 82, and pipettors (liquid handler assemblies). 
Figures 1A, IB and 1C show a top-view, a side-view and a perspective- 
1 5 view, respectively, of the Process Assembly 1 0, and other components. The 
Process Assembly 10 is where disposables and reagents are positioned. The 
Process Assembly 10 comprises a Mounting Plate 12 that can slide partially out 
of the instrument for loading and completely out of the instrument for cleaning. 
The Mounting Plate 12 includes a Magnetic Processing Assembly 14 with * 
20 Magnetic Processing Tube Holder 16 that holds Magnetic Processing Tubes 18, 
as well as an Output Tube Holder 21 that holds Output Tubes 20, and Waste 
' Tube Holder 23 that holds Waste Tubes 22, Reagent Pack Holders 25 that hold 
Reagent Packs 24, and Disposable Pipette Tip Holder 27 that holds Disposable 
Pipette Tips 26. The Process Assembly 10 can contain the disposables (e.g., 
25 tubes, tips, and Reagent Packs) used in the nucleic acid isolation process, and 
provides fluid ingress protection for susceptible components. The disposables 
(e.g., tubes, tips, and Reagent Packs) are located in rows, and in one 
embodiment, can be present in a mounting plate in the following order (from the 
front to the back of the mounting plate): 1 row of 1 -8 Output Tubes 20; 2 rows 
30 of 1 -8 Disposable Tips 26; 1 row of 8. Magnetic Processing Tubes 18 containing 
particles; 1 row of 1-8 Waste Tubes 22, and 1 row of 1- 8 Reagent Packs 24. 
The order of instrument disposables can vary in different embodiments. 
Examples of tubes that can be used for the Magnetic Processing Tubes 18 and 
Waste Tubes 22 include, for example, 10 mL capped conical bottom tubes 
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* 

(Sarstedt). Examples of tubes that can be used for the Output Tubes 20 include, 
for example, L5 mL Epperidorf centrifuge tubes. 

There may be a number of different reagents used in nucleic acid 
isolation. As described herein, a Mounting Plate 12 contains an area for 
5 reagents. Different reagents or a combination of reagents are used depending 
upon the nucleic acid isolation protocol. A reagent or a combination of reagents 
can be formulated into a Reagent Pack 24 and positioned appropriately in a 
Mounting Plate 12. The number of Reagent Packs 24 may vary from one to 
eight, corresponding to the number of samples to be processed. In certain 

* 

1 0 embodiments, Reagent Packs 24 can have seven wells that are used for isolating 
DNA. The wells may contain Lysing Solution, Binding Solution for use with 
the direct lysis method, one or more wash solutions, an elution solution, and 
other auxiliary reagents, such as DNase reagents, for example when isolating 
RNA, In another embodiment, a Reagent Pack 24 can contain cleaning solutions 

1 5 for maintaining the instrument and/or apparatus. The number of wells in a 
Reagent Pack 24 depends on the number of reagents desired. An example of a 
Reagent Pack 24 is shown in Figure 7A. A Reagent Pack 24 can be made using . 
any number of materials. In some embodiments, the reagent(s) are accessed by 
. piercing the Primary Seal 91 and the Secondary Seal 92 of the Reagent Pack 24 

20 . with at least one pipette tip. The Primary Seal 91 and/or the Secondary Seal 92 
can be made of a re-sealable material to avoid contamination and/or evaporation 
of the reagents contained in the Reagent Pack 24. In other embodiments, the 
reagents are accessed through a septum or a port in the Reagent Pack 24. 
Multiple Reagent Packs 24 can be positioned in the Mounting Plate 12. 

25 The Mounting Plate 12 of the Process Assembly 1 0 has a Disposable Tip 

Holder 27 such that an Aspiration Pipettor Assembly 38 can automatically load 
the Disposable Tips 26. This automation eliminates the labor-intensive work of 
loading tips as well as potential contamination of the tips by the user. All the 
tips generally are loaded simultaneously. The Aspiration Pipette Assembly 38 

30 does this by moving into position above the Disposable Tip Holder 27, and 
moving down onto the Disposable Tips 26 while applying force. 

Figure 2B shows one embodiment of a Magnetic Processing Assembly 
14, where much of the processing of the samples is performed using magnetic 
particles. The Magnetic Processing Assembly 14 contains a Magnetic 

17 



WO 2007/050327 PCTAJS2006/040173 

Processing Tube Holder 16 that holds the Magnetic Processing Tubes 1 8 and 

allows for Magnets 32 in the Magnetic Elevator Assembly 28 to move into very 

close proximity (within 0.032") to the wall of the Magnetic Processing Tube 18. 

The Magnetic Elevator Assembly which can include, without limitation, a 
■ 

5 pivoting Magnet Holder 34 and/or Springs 33, is moved using a drive system. 
The drive system can include, without limitation, a pivoting Magnet Holder 34 
and/or Springs 33. The Magnets 32 typically follow the curves of a sample tube 
(e.g., a conical tube). The Magnetic Processing Tube Holder 16 can have an 
integral heater that can heat the sample to, for example, 45 ± 2°C. The heater is 

m > 

1 0 turned on and off as needed for DNA processing, and usually is not used for 
RNA processing. The Magnetic Processing Tubes 18 can come in contact with 
the heated wail of the Magnetic Processing Holder 16 by for example, moving 
along the wall at a range from the bottom of the tube up to about the 8 mL fill 
line of a 1 0 mL tube. 

1 5 Figure 2C shows one embodiment of a Magnetic Elevator Assembly 28 

i 

that provides a novel means to optimally position Magnets 32 (for capturing the 
magnetic particles) relative to the volume of fluid being processed. A Magnetic 
Elevator Assembly 28 consists of a Magnet Mounting Assembly 34 and a Drive 
System 36. The Magnet Mounting Assembly 34 mounts, for example, eight 
20 Magnets 32 in positions corresponding to the locations of the eight Magnetic 
Processing Tubes 18. Such Magnets 32 can be made from, for example, 
-neodymiiizn iron boron (NdFeB). 

The Magnetic Elevator Assembly 28 is capable of positioning Magnets 
32 anywhere between the "top of travel" and "home" positions during processing 
25 by way of a pivot point on the assembly. The travel velocity of a Magnetic 
Elevator Assembly 28 typically is 0 inches/sec to 1 .5 inches/sec. For example, 
the "top of travel" position as used herein can refer to the top of the Magnet 32 
being at or above the 6.0 mL fill-line on a 10 mL tube (or for example 2/3 from 
the top of tube, depending on the size of the tube. The "home" position as used 
30 herein can refer to the top of magnet being just below the bottom of the tube. 

Figure 3 is a schematic of the Aspiration Pipettor Assembly 38 and 
Dispense Pipettor Assembly 48. The Aspiration Pipettor Assembly 38 is used to 
manipulate samples and reagents within the Magnetic. Processing Tubes 18, 
deliver waste from the Magnetic Processing Tubes 1 8 to the Waste Tubes 22, 
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and to deliver purified nucleic acid to the Output Tubes 20. An Aspiration 
Pipettor Assembly 38 performs these functions in conjunction with a Pump 
Assembly 60. The Aspiration Pipettor Assembly 38 is also capable of 
automatically loading and unloading the Disposable Tips 26 used in processing 
5 samples and detecting sample levels. In one embodiment, the Aspiration 
Pipettor Assembly 38 consists of a Tip Mounting System 40 for connecting to 
Disposable Tips 26, an Aspiration Drive System 42 for positioning the tip mount 
vertically, and a Tip Ejection System 44, and may contain an Aspiration Fluid 
Level Sense Circuitry 46. The Aspiration Pipettor Assembly 38 can pick up 

10 Disposable Tips 26 from the appropriate position on a Tip Holder 27 of a 

Process Assembly 10. The Aspiration Pipettor Assembly 38 can automatically 
eject tips, for example, into a Waste Tube 22. In some embodiments, an 
Aspiration Pipettor Assembly 38 can receive from one to eight tips. In some 
embodiments, additional rows can be added to the mounting plate to increase the 

1 5 number of tubes and tips, thus increasing the number of samples run by the 

apparatus. The tips that can be used include, for example, without limitation, - 

* 

Eppendorf disposable tips. In some embodiments, the Tip Mounting System 40 
can be spring loaded to allow for installation of a pipette tip with controlled 
force. 

20 Generally, an Aspiration Pipettor Assembly 38 is positioned at the rear of 

the apparatus when a user opens the door or requests that the doors open. In 
certain embodiments, when the doors of an apparatus as described herein are 
closed, an Aspiration Pipettor Assembly can resume its position prior to 
interruption. The Aspiration Pipettor 38 can be equipped with an Aspiration 

25 Fluid Level Sense Circuitry 46 to determine the presence and volume of a 
sample. 

Figure 3 also shows a schematic of the Dispense Pipettor Assembly 48 
used to deliver reagents from on-board Reagent Packs 24 to the Magnetic 
Processing Tubes 18. A Dispense Pipettor Assembly 48 performs these 
30 functions in conjunction with a Pump Assembly 60. The Dispense Pipettor 

Assembly 48 consists of a Dispense Tip Mounting System' 50 for mounting tips, 
generally Fixed Tips 49 (i.e., non-disposable tips), a Dispense Drive System 52 
for positioning the tip mount vertically, and Dispense Fluid Level Sense 
Circuitry 54. The Dispense Pipettor Assembly 48 can be used in some 
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embodiments to actuate the Tip Ejection System 44 on the Aspiration Pipettor 
Assembly 38. 

The following specifications are representative for a Dispense Pipettor 
Assembly 48 described herein. The Home Z Position, which essentially equals 
the <c top of travel," means that the fixed tip must clear the highest obstacle 
the top of the highest tube) by greater than 0,1 inches. The positional accuracy 
requirement of a Dispense Pipettor Assembly is ± 0.005 inches. In certain 
embodiments of the invention, the system described herein is capable of 
positioning the pipette tips at any position between the Home Z Position and the 
max extension (i.e. , the bottom of travel) during processing. In certain 
embodiments, the total travel distance is greater than or equal to 4. 1 incheSy and 
a representative travel velocity requirement is, for example, 0 inches/second to 
2.5 inches/second. A Dispense Pipettor Assembly 48 as described herein can 
include a mechanism to determine when the Assembly is at the Home Z 
Position. In some embodiments, the fixed tip end location has a tolerance of 
within 0.032 inches in diameter. 

In one embodiment, the Dispense Pipettor Assembly 48 can have up to 
eight Fixed Tips 49, each with a capacity of 1000 jxl, attached to the Dispense 
Tip Mounting System. The Dispense Pipettor Assembly 48 can be equipped 
with a fluid level sensing circuitry to verify the level of all reagents before a 
procedure starts. The apparatus as described herein minimizes the possibility of 
reagent-to-reagent cross contamination. In addition, the apparatus described 
herein can be capable of cleaning and decontamination using decontamination 
reagents in, for example, a Reagent Pack 24. 

Figure 4 shows a schematic of an Upper Deck Assembly 56, which 
contains one or more "Y" direction drive mechanisms 42, 52 to manipulate the 
pipettes, as well as components for managing cables and tubing. The drive 
mechanism(s) positions the Pipettor Assemblies so that they may access the 
appropriate Reagent Pack, tube, or tip. The Upper Deck Assembly 56 
typically has a mechanism that limits the movement of the Aspiration Pipettor 
Assembly 38 to ensure that the Aspiration Pipettor Assembly 38 cannot reach a 
Reagent Pack 24. In certain embodiments, an Upper Deck Assembly 56 
includes an instrument to detect when an Aspiration Pipettor Assembly 38 is in 
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the Home Y position. The Home Y Position is when an Aspiration Pipettor 
Assembly is moved to a rearward position (e.g., farthest from operator). 

Since both the Aspiration 38 and Dispense 48 Pipettor Assemblies must 
access the Magnetic Processing Tubes 1 8 individually, system software can 
ensure that no collisions take place between the Assemblies. Also, for safety, 
the Aspiration Pipettor Assembly 38 can retract to a rearward position any time 
the access doors are opened. 

Figure 4 also shows a Pump Assembly 60 in conjunction with the Upper 
Deck Assembly 56. The Pump Assembly 60 is used to pick up and deliver 
reagents from the Reagent Packs 24, as well as to mix samples with reagents, 
remove waste, and deliver purified nucleic acids to the Output Tubes 20. The 
Pump Assembly 60 typically consists of eight standard Double-acting Air 
Cylinders 62, a Base Structure 64, and a Motor 68 (e.g., a stepper motor). 
Correspondingly-numbered Dispense Fixed Tips 49 and Disposable Tips 26 
share an air cylinder. The tips for dispensing reagents are connected to the 
"open" end of the cylinders via the Dispense Pipettor Assembly 48, and the tips 
for aspiration are connected to the ends of the cylinders containing Cylinder 
Actuator Rods 74 via the Aspiration Pipettor Assembly 38. 

The Pump Assembly 60, for example, uses eight cylinders and one motor 
to provide sixteen channels of fluid control. Figure 5 shows a schematic of an 
individual cylinder within a Pump Assembly 60 as described herein. Each 
Double-acting Air Cylinder 62 has two connections; a Top Port 68 and a Bottom 

♦ 

Port 70. The Top Ports 68 are connected via a valve to the back (Dispense) 
pipettor (total of eight channels), and the Bottom Ports 70 are connected via a 
valve to the front (Aspiration) pipettor (eight more channels). The Double- 
acting Air Cylinders 62 have Pistons 72 inside that sit at a mid-point between the 
two outlet ports. When pumping to and from the back pipettor is required, all 
eight pistons move inside the Double-acting Air Cylinders 62 and the valves that 
are between the cylinder and the pipettor are opened. In other words, the 
Double-acting Air Cylinders 62 only move if there is a sample present (i.e., the 
number of moving cylinders is equal to the number of samples in the run). The 
valves to the front pipettor are switched to vent, which effectively isolates the 
. front pipettor from the back pipettor. When the front pipettor is to be used, the 
situation is reversed, allowing the back pipettor to be isolated. In essence, one 
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pump that serves two different pipettors is being used instead to two independent 
pumps. In one embodiment the "front" pipettor is the Aspiration Pipettor 
Assembly 38 and the "back" pipettor is the Dispense Pipettor Assembly 48. 

The Pump Assembly 60 connects to the Dispense Pipettor Assembly 48 

> 

to dispense reagents required for the purification process. The apparatus draws 
reagents from the Reagent Packs 24 into the fixed dispense tips and the 
connected tubing. The Pump Assembly 60 also connects to the Aspiration 
Pipettor Assembly 38 to mix and redistribute samples and reagents. The 
apparatus draws the samples from the Magnetic Process Tubes 18 into the 
disposable tips (e.g., disposable, filtered tips). The Pump Assembly 60 can have 
a travel sensor and can verify its location after every dispensing activity. 

Each connection to each pipette tip in a Pipettor Assembly has a Valve 
Connector 76. This Valve Connector 76 is controlled by software to close if a 
tip is not being used. Each Valve Connector 76 can be connected to an 
electronic circuit that monitors the current used to determine the proper 
operation of the valve. Each channel of the pump can be equipped with a 
pressure transducer to verify the pressure change due to aspiration and dispense. 
The materials and fittings can be made out of materials that are compatible with 
the reagents used in the apparatus, including cleaning fluids (e.g., bleach). 

Figure 6 shows an Electronic Control System 78 that includes a 
programmable Microcontroller 80, a User Interface 82 with display, a Universal 
Power Converter 84, and a Dedicated Data I/O port 86. The Electronic Control 
System 78 also can have, for example, an eight channel level sensor, a power 
management system, a heater, and/or a six motion control channel. Proprietary 
control software can be used to implement all electronic and fluidic features of 
this instrument. The Electronic Control System 78 allows for detecting the level 
of fluid via, for example, conductive dispensing tips. Representative conductive 
dispensing tips can sense in 8 x 3 discrete sample/process positions and 2x6 
reagent positions. . Data input and output can come, for example, via a 
proprietary portable D ATAKEY type "memory stick." 

In certain embodiments, the primary system control functions are 
managed by a Fujitsu F 2 MC-16LX microcontroller. This 16-bit microcontroller 
operates at 16-megahertz, has 128K bytes of programmable flash memory, 81 

* 
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general purpose control ports, 2 serial communication ports, and 8 A/D 
converters. 

The User Interface 82 generally consists of a monochrome display, a 
membrane switch keypad, a data transfer device, and an audible alarm. For 
5 example, a display can use Vacuum Fluorescent Technology and have a display 
area of 1 15 mm x 28 mm. Elements of the User Interface 82 are water and 

m 

splash proof, and resistant to common lab equipment cleaning chemicals. A 
User Interface 82 typically includes a data transfer device such as a memory chip 
that is used to download system software updates and new protocols into the 
1 0 instrument. Protocols may include for example extraction of DNA and/or RNA 
from blood, tissue, cells, plants, bacteria, and other samples described herein 

f 

below. The User Interface 82 generally includes a "pause" key that stops the 
protocol normally and allows for restarting of a protocol. The elements of a 
User Interface 82 can be mounted to an enclosure panel in the front of the 
1 5 apparatus, and generally are the primary control point for the operation of the 
instrument 

Motors (e.g., stepper motors) can be independently controlled by the 
Microprocessor 80 using individual motion controllers. A heater can heat 
samples using an insulated resistive heating element controlled by dedicated 

20 circuitry. For oxamph, the maximal attainable temperature can be set at 50°C 
and the heating element can have an appropriate thermal cut-off. The system 
also can have a sleep-mode power saving feature when not in use. 

The apparatus can be constructed, for example, inside a frame assembly 
that supports and positions the major Ghments of the instrument. A frame 

25 assembly can consist, for example, of a housing and a power assembly. The 
housing and/or the power assembly can provide a structure in which to mount 
the system power supply and the power components (e.g., power inlet module, 
primary power switch, power supply, and/or cooling fan). In certain 
embodiments, the left and right panels of a frame assembly can support the 

30 Upper Deck Assembly 56 and allow for adjustment so that the Upper Deck 
Assembly 56 is parallel to the Process Assembly 10. In certain embodiments, 
the rear panel of the frame assembly can support the fluid handling components, 
the Pump Assembly 60, the Aspiration drive System 42, and the Dispense Drive 
System 52. 
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The frame assembly can be enclosed by any combination of fixed skins, 
removable panels (e.g., for service access), and/or a hinged door {e.g., for user 
access). The primary purpose of the enclosure components of the frame 
assembly is to protect the operator from contact with moving parts and electrical 
5 devices. In addition, spill containment can be addressed in the design of the 
frame assembly and means of enclosure. 

Samples 

Samples, such as biological samples, can be collected by a variety of 

# 

10 means. For example, sample collection containers are used for collecting and 
storing samples. In some embodiments, collection containers are glass or plastic 
tubes having a resilient stopper. In other embodiments, blood collection tubes 
are used, where the tube is evacuated to draw a volume of blood into the tube. In 
some embodiments, collection tubes can have various additives, such as 

1 5 ethylenediaminetetraacetic acid (EDTA) contained therein, in order to prepare 
the blood sample for a particular test. In certain embodiments, samples are 
biological fluids {e.g., whole blood, bone marrow, blood spots, blood serum, 
blood plasma, bufify coat preparations, saliva and cerebrospinal fluid, buccal 
swabs, cultured cells, cell suspensions of bacteria, solid animal tissues such as 

20 heart, liver and brain, body waste products, such as feces and urine, 

environmental samples taken from air, water, sediment or soil, plant tissues, 
yeasts, bacteria, viruses, mycoplasmas, fungi, protozoa, rickettsia, and other 
small microbial cells). In other embodiments, samples are lysates, homogenates, 
or partially purified samples of biological materials. In other instances, 

25 biological materials include crude or partially purified mixtures of nucleic acids. 

Instrument Consumables. 

The instrument uses consumables such as reagents that are contained in 
Reagent Packs 24, a solid support such as magnetic particles contained within 
30 Magnetic Processing Tubes 18, Waste Tubes 22, Output Tubes 20, and 
Disposable Pipette Tips 26. 

Reagent Packs 24 are trays with a variety of compartments for holding 
reagents. The trays may be made from plastic or other suitable materials. Tte 
Reagent Packs 24 arc sealed using methods known in the art such as adhesives, 

♦ 
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heat sealing or ultra sonic welding. In one embodiment, the Reagent Pack 24 is 
sealed with polypropylene. In one embodiment, the Reagent Pack 24 is sealed 
with a silicone evaporation barrier. In another embodiment, Reagent Packs 24 
have two seals, a Primary Seal and a Secondary Seal 92 (Figure 7 A). The 
5 Primary Seal 91 may be a laminate of polyester and polypropylene. The 

Secondary Seal 92 may be positioned on top of the Primary Seal 91 and may be 
made of a self-sealing material such as silicone. This permits the reagent pack to 
be pierced repeatedly such that evaporation is prevented and reagent stability 
maintained allowing the reagent pack to be used for multiple purifications over 

1 0 an extended time period. The Reagent Packs 24 hold sufficient volumes of 
reagents for multiple reactions. For example, a Reagent Pack 24 may hold 
sufficient reagents for one to eight purifications. In other nucleic acid 
purification instruments, the Reagent Packs 24 are single-use and therefore are 
costly. The Reagent Packs 24 of the present invention can contain, Lysis 

15 Solution, an optional Binding Solution, one or more Wash Solutions, an Elution 
Solution, and auxiliary reagents necessary for purification of nucleic acid as well 
as for cleaning and maintenance of the instrument 

Another consumable component of the instrument is the Magnetic 
Processing Tubes 18. The tubes contain solid supports, and may contain 

20 packaging reagents. A packaging reagent is a reagent that allows the solid 
support to be contained within the Magnetic Processing Tube 1 8 during 
shipment. 

A variety of solid supports may be used in the present invention. 
Suitable solid supports include, for example, silica-based supports such as silica 

25 magnetic particles or glass particles. In some embodiments, the solid support 
may be encased or immobilized in a vessel such as a tube. In some 
embodiments, the solid support is a plurality of paramagnetic particles. In some 
embodiments, the paramagnetic particles are made of an iron oxide (ferric oxide, 
magnetite) core and are coated with silica dioxide. Silica dioxide produces 

30 a hydrophilic surface with terminal Si-OH bonds. The particles may have a size 
distribution of 2-10 fim. In some embodiments, the particles have a size 

■ 

distribution between 5.0 and 8.5 jxm, such as about 6 \im. The particles may 
have a pore size of greater than 500 angstroms. In some embodiments, the pore 
size is 600 to 700 angstroms. In some embodiments, the particles may be 
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nonporous. Suitable particles include, for example, MagneSil® particles 
(Promega) or MP-50 Magnetic Substrates (W.R. Grace). 

Acceptable packaging reagents for the magnetic particles include a gel, a 
polymeric fluid, or a viscous liquid, which keeps the particles contained in the 
5 bottom of the magnetic processing tube, such that they do not flow and splash 
substantially within the tube during transport and use. In one embodiment (e.g. 
200 (iL DNA direct lysis whole blood protocol described below), the magnetic 
particle suspension is processed by adding 6 — 9 jxL of a 20 mg/mL Proteinase K 
solution, 46 ^iL of buffered particle suspension in water (Promega), and 11 [iL of 
10 glycerol in the bottom of a 10 mL conical tube. The tube is dried in an oven to 
remove water, without denaturing the Proteinase K, resulting in a suspension of 

■ 0 

magnetic particles, Proteinase K and buffer in glycerol. In a second 
embodiment, (e.g. 500 DNA direct lysis whole blood, 200 fiL DNA buffy 
coat, and 500 ixL DNA buffy coat protocols described below), the magnetic 
15 particle suspension is processed by adding 13 - 17 (iL of a 20 mg/mL Proteinase 
K solution, 130 juL of buffered particle suspension in water (Promega), and 28 
\xL of glycerol in the bottom of a 1 0 mL conical tube. The tube is also dried in 
an oven to remove water, resulting in a suspension of magnetic particles, 
Proteinase K and buffer in glycerol. In a third embodiment, (e.g., DNA Lysate 

20 and RNA Lysate protocols described below), the magnetic particle suspension is 
processed by adding 130 \xL of buffered particle suspension in water (Promega), 
and 33 |^L of glycerol in the bottom of a 10 mL conical tube. Hie tube is also 
dried in an oven to remove water, resulting in a suspension of magnetic particles 
and buffer in glycerol. 

25 Other magnetic particle packaging methods may be used. In other 

embodiments the particles may be in solution, in a polymer or natural film or in 
a dried form. In some instances, the particles are in a water solution. In some 
instances the particles are lyophilized. In some instances, the particles are mixed 
with a forming reagent and dried into a film or formed into a sphere. In some 

30 instances, the particles may be pre-treated with or associated with enzymes. In 
some instances, the particle solution may contain an RNase solution in order to 
degrade RNA present in the sample (e.g., a biological sample). 

Reagents 
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The present invention features five categories of reagents: Lysis 
solutions, Binding and Rebinding solutions, Wash Solutions and Elution 
Solutions. 

1. Lysis Solutions 

A Lysis Solution enables efficient lysis (e.g., of cells in a biological 
sample) to release nucleic acids, effectively inhibits nucleic acid degrading 
enzymes' activity, and in certain embodiments allows nucleic acids to 
quantitatively bind to a solid support of choice. A Lysis Solution of the present 
invention contains a buffer (such as Tris and/or citrate), an alkali metal salt (such 
as lithium salts, for example lithium chloride), a detergent (such as Triton or 
SDS)^ a surfactant (such as DGME), a chelator (such as EDTA or citrate), and an 
antifoaming agent (such as Dow Corning Antifoam A compound). The Lysis 
solutions of the present invention are unique in that they require no added 
chaotropic salts, such as guanidinium salts or urea. Guanidinium salts and urea 
are strong chaotropic compounds that tend to disrupt the structure of water and 
tend to decrease the stability of hydrophobic interactions of compounds in 
solution. Guanidinium salts and urea dissolve in water through endothermic 
reactions. Both guanidinium salts and urea are considered to be strongly 
chaotropic salts as defined by the Hofineister series, a widely used system that 
ranks cations and anions according to relative chaotropic strength (F. • 1 
Hofineister, On the understanding of the effects of salts, Arch. Exp. Pathol. 
Pharmakol. (Leipzig) 24 (1888) 247-260). The present invention involves the 
use of lithium salts, including for example, lithium chloride and lithium bromide. 
The lithium ion is considered very kosmotropic, due to its high surface charge 
density and strong hydration characteristics. The lithium ion is unique in that it 
has a small radius and therefore a high charge density. The larger surface charge 

* 

density is responsible for. the tremendous interaction of the lithium ion with 
water molecules. Kosmotropes such as the lithium ion tend to organize water 
molecules around themselves and disrupt the solution stability of polar 
molecules, such as nucleic acids, which are stabilized by water molecules in 
solution. The solubilization reaction of lithium salts in water is a highly 
exothermic reaction and is indicative of the tremendous ion-dipole interaction 
exhibited by the strong kosmotropic lithium ion with water. Lithium salts, such 
as lithium chloride and lithium bromide, are highly soluble in aqueous solutions 
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due to the ion-dipole interaction of the lithium ion and the resulting exothermic 
heat of solution for these salts upon solubilization in water. 

A first component of the Lysis Solution is a buffer that maintains the pH 
of the solution (e.g., a Tris buffer or any known buffer). For example, the pH of 
5 the buffer may be at least about 7, at least about 8, at least about 9, at least about 
10, or at least about 1 1, 1 1.5 or 12 (e.g., 6.8, 6.9, 7.0, 7.2, 7.3, 7.4, 7.5, 7.6, 7.8, 
8.0, 8.1, 8.4, 8.6, 8.7, 8.9, 9.1, 9.5, 9.8, 10.1, 10.3, 10.5, 10.7, 10.9, 11.1, 11.2, 
11.3, 11.4, 11.5, 11.8, 12, 12.1, 12.3 or 12.5). The optimal pH of a Lysis 
solution will differ depending on whether the operator is performing a DNA 

1 0 Direct Lysis procedure, or is performing a DNA or RNA Lysate procedure. In a 
DNA Direct Lysis procedure, the pH is buffered at a pH of greater than about 10, 
whereas with a Lysate procedure, the pH is buffered at a pH of about 7. The Tris 
may be used at a concentration of 50-150 mM (e.g., 60 mM, 70 mM, 80 mM, 
90 mM, 100 mM, 120 mM, or 140 mM). In some embodiments, Tris buffer is 

15 an appropriate buffer. In some embodiments, for example for the DNA Direct 
Lysis protocol, Tris buffer is formulated with a pH of 1 1 and a concentration of 
50 mM Tris base. In other embodiments, for example, the DNA and RNA 
Lysate protocols, a Tris buffer with a pH of 7 and a total acid and base 
concentration of 1 00 mM is used. 
20 Another component of a Lysis solution is an alkali metal salt, or 

"complexing salt" (such as lithium salts; for example lithium chloride) that 
confers unique binding properties to nucleic acids (e.g., an RNA or DNA 
complexing salt). The nucleic acids are charge-neutralized by the lithium ions 
binding to the phosphate groups thereby decreasing their stability in solution 
25 such that the nucleic acids preferentially bind to the silica coated magnetic 
particles. The alkali metal salt also assists in the solubilization of the nucleic 
acids because of the kosmotropic effect that the salt has on the organization of 
the water molecules in solution around the nucleic acids. In some embodiments, 

< 9 

such a complexing salt may be a lithium salt, such as lithium chloride or lithium 
30 bromide. The salt may be present at a concentration of between 2 - 1 0 M (e. g. , 2 
M,3M,4M,5M,6M, 7M,8M, 9MorlOM). In certain embodiments, 
lithium chloride is used in the Lysis solution at a concentration of 2 M (DNA 
Direct Lysis protocols). In certain embodiments, lithium chloride is used in the 
Lysis solution at a concentration of 8 M (DNA and RNA Lysate protocols). 
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A Lysis solution additionally includes a detergent. Although any 
detergent (anionic, nonionic, cationic, and zwitterionic detergent) may be used, 
nucleic acid isolation is optimally achieved through the use of a nonionic 
detergent (DNA and RNA Lysate protocols) or an anionic detergent (DNA 
5 Direct Lysis protocols). Although any nonionic detergent may be used, 
examples of nonionic detergents are those from the Tween class (Tween-20, 
Tween-40, Tween-60, etc.), the Triton class (X-100, X-l 14, etc.), Tergitols, 
Nonidets or Igepal (NP-40, etc.). The nonionic detergent may be used at a 
concentration of 0.05-5 % (e.g., at about 0.1%, 0.3%, 0.5%, 1%). Although any 
1 0 anionic detergent may be used, and example of an anionic detergent is SDS 

(sodium dodecyl sulfate). The anionic detergent may be used at a concentration 
of 0.05-2 % (e.g., at about 0.1%, 0.3%, 0.5%, 1%). 

A Lysis solution additionally includes a surfactant, such as diethylene 
glycol monoethyl ether (DGME). The surfactant may be used at a concentration 
15 of 5 - 40% (e.g., 10%, 15%, 20%, 30% or 40%). Through experimentation with 
the methods of the present invention,, it was observed that in addition to helping 
solubilize all of the components into the Lysis solution, surfactants such as 
DGME alter the solvent properties of the Lysis solution by creating a less polar 
environment, such that binding of the nucleic acids to the silica coated magnetic 
20 particles is energetically favored. 

A Lysis solution additionally includes a chelating agent to bind 
extraneous metal ions which are released during the lysing procedure. Metal 

♦ 

ions may catalyze the degradation of nucleic acids under certain conditions. The 
chelating agent may be present at a concentration of 5 - 20 mM (e.g., 5 mM, 6 
25 mM, 7 mM, 8mM, 9 mM, 10 mM, 1 1 mM, 12 mM, 13 mM, 14 mM, 15 mM, 16 
mM, 17 mM, 18 mM, 19 mM or 20 mM). In some embodiments the chelating 

> 

agent is EDTA (DNA and RNA Lysate protocols), and in other embodiments the 
chelating agent is citrate (DNA Direct Lysis protocol). 

The Lysis solution additionally includes an antifoaming agent, such as a 
30 mixture of polydimethylsiloxane fluid and silica (e.g., Dow Corning® Antifoam 
A compound). 

The Lysis solution of the present invention is advantageous. The unique 
combination of a high concentration of a kosmotropic complexing salt and 
detergent in a neutral to high pH buffer inactivates enzymes harmful to nucleic 
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acids (such as DNases and RNases), without the use of such reagents as phenol, 
chloroform, and guanidinium salts. A reducing agent, such as Tris 
(carboxyethyl) phosphine (TCEP) or beta-mercaptoethanol (BME) is also added 
to the Lysis Solution in the RNA Lysate protocols in order to further inactivate 
RNase enzymes. The preferred reducing agent is TCEP at concentrations at 
about 5-50 mM. Additionally, the Lysis solution confers a high nucleic acid 
binding property to silica coated magnetic particles through the use of high 
concentrations of a kosmotropic salt and the solvent polarity modifier DGME. 
The antifoaming agent, Dow Corning® Antifoam A compound, allows for 
detergent action in the Lysis solution, while minimizing the foam produced 
while the lysate is pipetted in the instrument. 

In one embodiment, the Lysis solution for the DNA Direct Lysis of blood 
cells is formulated to contain 50 mM Tris (pH 10-11), 2 M LiCl, 0.1% SDS, 
30% DGME, 10 mM citrate and 0.05% Dow Corning® Antifoam A compound. 

In a second embodiment, the Lysis solution for the DNA Lysate 
protocols for cultured cells, white blood cell pellets, tissues, etc. is formulated to 
contain 100 mM Tris (pH 7), 8 M LiCl, 0.1% Triton X, 10% DGME, 10 mM 
EDTA and 0.0 1 % Dow Corning® Antifoam A compound. 

In a third embodiment, the Lysis solution for the RNA Lysate protocols 
for cultured cells, white blood cell pellets, tissues, etc. is formulated to contain 
100 mM Tris (pH 7), 8 M LiCl, 0.1%" Triton X, 10% DGME, 10 mM EDTA, 20 
mM TCEP and 0.0 1% Dow Corning® Antifoam A compound. 

Enzyme Solutions 

In the DNA Direct Lysis protocols, the Magnetic Processing Tubes 18 
contain Proteinase K. A suitable Proteinase K solution contains about 10-25 
mg/mL Proteinase K (e.g., 10 mg/mL, 15 mg/mL, or 25 mg/mL). In one 
embodiment, a suitable Proteinase K solution contains 20 mg/mL of Proteinase 
K. 

In the DNA Lysate protocols, RNase A enzyme is added to and incubated 
with the lysate prior to loading the lysate onto the instrument in order to 
eliminate RNA contamination from the DNA purification. A suitable RNase A 
solution contains about 2-20 mg/mL RNase A {e.g., 2 mg/mL, 10 mg/mL, 15 
mg/mL, or 20 mg/mL). In one embodiment, a suitable RNase A solution 
contains 4 mg/mL of RNase A. 
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In the RNA Lysate protocols, DNase I enzyme is added to the silica 
coated magnetic particles after the first wash steps in order to eliminate DNA 
contamination from the RNA purification. A suitable DNase I enzyme solution 

■ 

contains 50 - 200 Units (e.g., 50 Units, 100 Units, 150 Units or 200 Units) of 
5 enzyme activity in 200 jxL in a DNase Buffer. In one embodiment, a suitable 
DNase I solution contains 100 Units enzyme activity in 200 nL DNase Buffer. 
Binding Solutions 

A Binding solution is used when purifying DNA from a sample using the 
DNA Direct Lysis method, since the Binding solution significantly increases the 

1 0 amount of kosmotropic salt, preferably a lithium salt, present in the lysate such 
that DNA binds to the silica coated magnetic particles to completion. After the 
blood cells are lysed in the magnetic processing tube in Lysis solution and 
Proteinase K, the binding solution is added to increase the salt concentration in 
the lysate in order to cause DNA binding. The present invention features a DNA 

15 Direct Lysis Binding solution that has the following components; a buffer, a 
kosmotropic salt, and a surfactant. 

The first component of the Binding solution is a buffer that maintains the 
pH of the solution. For example, the pH may be at least about 7-10 (e.g., 7, 8, 
9, 10). The buffer may be used at a concentration of 50-150 mM (e.g., 50 mM, 
20 100 mM, or 150 mM). In some embodiments, Tris buffer is an appropriate 

buffer. For example, in some embodiments Tris may be used at a concentration 
of 50 mM. 

Another component of the Binding solution is a complexing salt that . 
• confers unique binding properties to nucleic acids (e.g., an RNA or DNA 
25 complexing salt), such that the nucleic acids preferentially bind to the silica 
coated magnetic particles, not only because the nucleic acids are charge 
neutralized by the lithium ions binding to the phosphate groups and therefore 

+ 

decreasing the solubility in solution, but also due in part to the kosmotropic 
effect the salt has on the organization of the water molecules in solution around 
30 the nucleic acids. In some embodiments, such a complexing salt may be a 
lithium salt, such as lithium chloride or lithium bromide. The salt may be 
present at a concentration of between 5 - 15 M (5 M, 6 M, 7 M, 8 M, 9 M, 10 M, 
1 1 M, 12 M, 13 M, 14 M or 15 M) because preferential binding of DNA to a 
solid support is enhanced by high concentrations of complexing salts. For 
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example, in some embodiments lithium chloride may be used at a concentration 
oflOM. 

Another component of the Binding solution is a surfactant. In certain 
instances, DGME is used. The concentration may be 5 - 1 5 % (e.g., 5%, 6%, 
7%, 8%, 9%, 10%, 11%, 12%, 13%, 14% or 15%). For example, in some 
embodiments DGME may be used at a concentration of 10 %. 

A Binding solution may optionally be used when purifying DNA or RNA 
using the DNA Lysate or RNA Lysate methods. The Binding solution may be 
similar in composition to the DNA Direct Lysis method such that it is composed 
of a lithium salt at a concentration of at least 5 M, a surfactant concentration of 
at least 5%, a buffer, and optionally an alcohol such as ethanol or isopropanol, or 
the Binding solution may be an alcohol such as ethanol or isopropanol. 

A Rebinding solution is used in the RNA Lysate protocols after the 
DNase treatment. Optimum DNase activity requires the use of conditions that 
can cause the nucleic acids to dissociate from the solid support. A Rebinding 

* 

solution is therefore added to the DNase solution containing the particles to 
ensure that RNA particles "re-bind" to the silica coated magnetic particles prior 
to removal of the combined DNase and Rebinding solutions. The Rebinding 
solution can be a combination of high salt, such as lithium chloride, at a 
concentration of about 5 to 15 M, or alcohol-containing solutions, or alcohol. In 
one embodiment the Rebinding solution is isopropyl alcohol. 

i 

Wash Solutions 

The present invention also teaches of one or more Wash solutions that 
are used to wash the silica coated magnetic particles to which nucleic acids are 
bound, so as to rid them of non-nucleic acid contaminants such as proteins, 
phospholipids, heme, etc. The Wash solutions may contain an alcohol at a 
concentration greater than 50% (e.g., 55%, 60%, 70%, 80%, 90%, 95%, or 
1 00%). The alcohol can be, for example, ethanol, methanol or isopropyl alcohol 
In some embodiments, ethanol is used at a concentration of about 55% or 70%. 
In other embodiments, isopropyl alcohol is used at a concentration of about 
1 00%. In further embodiments, methanol is used at a concentration of about 
20%. 
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The Wash I solution is used in all protocols as the first wash solution 
after the lysate or lysate/binding solutions are pipetted off the particles, to 
substantially wash off contaminants such as blood components, cell membrane 
components, hemoglobin, heme, etc. The Wash I solution contains a high 
5 lithium salt concentration, such as lithium chloride, at a concentration between 
4-10 M (e.g., 5-6 M, 4-7 M, 5-8 M, 6-9 M, 6-10 M, 7-10 M, 5 M, 6 M, 7 M, 8 
M, 9 M, or 10 M). For the purposes of the present invention, a high salt 
concentration means a salt concentration high enough to inhibit RNase enzyme 
activity and cause the nucleic acid to remain bound to the magnetic particles. 
10 The Wash I solution additionally contains an alcohol (e.g. ethanol, methanol or 
isopropyl alcohol). The alcohol concentration is at 15-80 % (e.g., 15-20%, 20- 
30%, 30-40%, 40-50%, 35-45%, 55-65%, 60-70%, 65-75%, 70-80%, 15%, 18%, 
20%, 30%, 40%, 55%, 60%, 70%, or 75%). In some embodiments, Wash I 
solution contains ethanol at a concentration of 55%. In one embodiment, the 
15 Wash I solution contains 5 M LiCl and 55% ethanol. 

The Wash II solution is used only in the DNA Direct Lysis Protocols to 
wash away less polar compounds such as lipids from the silica coated magnetic 
particles. Due to the large amount of cellular material in the. Direct Lysis 
methods there is a substantial amount of lipid-like substances which contaminate 
20 the particles after the Wash I step(s) are completed. The Wash H solution 
contains an alcohol. In certain embodiments the Wash II solution is 100% 
isopropyl alcohol. 

The Wash III solution is used in all protocols as a "desalting wash" and 
further removes residual biological' material prior to the DNase step in the RNA 
25 protocols or prior to the elution steps in all protocols. The Wash III solution 
contains a buffer, alcohol, and a chelator (e.g. EDTA, CDTA, or citrate). In 
some embodiments, the buffer composition may be Tris, at about pH 6 - 9 (e.g., 
pH 6.5, 7, 7.5, 8.0 or 8.5). The buffer may be at a concentration of 50 - 150 mM 
(e.g., 60 mM, 70 mM, 80 mM, 90 mM, 100 mM, 120 mM, or 140 mM). The 
30 Wash III solution additionally contains an alcohol at 50 - 90 % (e.g. , 55-65%, 
60-70%, 65-75%, 70-80%, 55%, 60%, 60%, 75%, 80%, or 85%). The some 
embodiments the chelator concentration is at 1 - 20 mM. In one embodiment, 
the Wash m solution contains 70% ethanol, 100 mM Tris (pH .6-8) and 5 mM 
EDTA. 
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The Wash TV solution is used in the RNA Lysate protocols to eliminate 
any final RNase enzyme activity which may be remaining after the DNase step 
has been executed. It is an RNase denaturing wash which contains a high 
lithium salt concentration, preferably lithium chloride, at a concentration 
between 4 andlO M. For the purposes of the present invention, a high salt 

♦ * 

concentration means a salt concentration high enough to inhibit RNase enzyme 
activity and cause the nucleic acid to remain bound to the magnetic particles. 
The Wash IV solution additionally contains an alcohol (e.g., ethanol, methanol 
or isopropyl alcohol). The alcohol concentration is at 5 - 30 %. In some 
embodiments, Wash IV solution contains methanol at a concentration of 18%. 
In one embodiment, the Wash IV solution contains 6 M LiCl and 1 8% methanol. 

Elution Solutions 

Substantially undegraded nucleic acids (e.g., DNA or RNA) that are 

bound to the solid support as a result of the isolation procedure can be eluted 

using an Elution Solution (also called a Hydration Solution). The simplicity of 

the reagents used in lysing the biological material and binding of the nucleic acid 

to the solid support, and in washing the solid support taught by the present 

invention lends itself to a simple Elution Solution. A variety of Elution 

Solutions are known to those having ordinary skilled in the art. In some 

embodiments, Versagene™ DNA Elution Solution (Gentra Systems, Inc., 

Minneapolis, MN) may be used for eluting bound substantially undegraded 

DNA. In some instances, Tris-EDTA (TE) may be used for eluting bound 

substantially undegraded DNA. 

Substantially undegraded RNA, which is bound to the solid support, may 

be eluted using an RNA Elution Solution. In some instances, Versagene™ RNA 

Elution Solution (Gentra Systems, Inc., Minneapolis, MN) may be used for 

eluting bound substantially undegraded RNA. In certain embodiments, RNase- 

free water may be used to elute bound substantially undegraded RNA. In other 

embodiments, water may be treated with a substance that inactivates RNases, 

such as diethyl pyrocarbonate (DEPC), and used for eluting RNA. Other RNA 

Elution Solutions known to those having ordinary skill in the art also may be 
used 
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Purification/Isolation Methods. 

The present invention also provides methods for purifying DNA and 
RNA from material {e.g., biological material). 

In some instances, the Lysis Solution is used to lyse the material (e.g., 
biological material) and release nucleic acids into a lysate, before adding the 
lysate to the solid support (e.g. , magnetic particles contained in Magnetic 
Processing Tubes 18). Additionally, the Lysis Solution prevents the deleterious 
effects of harmful enzymes such as nucleases. In some instances, the Lysis 
Solution is mixed with the material and the solid support (e.g., magnetic 
particles contained in Magnetic Processing Tubes 18). Enzymes such as RNase, 
DNase, or Proteinase K may be added following lysis, or alternatively, they may 
be added directly to tube with the solid support or added to the Lysis Solution to 
degrade contaminating RNA, DNA or proteins present in the sample. ' 
In some embodiments of purifying DNA, following lysis, the binding of the 
nucleic acid to the solid support can be improved by employing a Binding 
Solution. 

In the DNA Direct Lysis protocol, the sample is lysed on the instrument 
and Binding solution is added to the lysate. Following lysis of the sample (e.g., 
blood, bufiy coat, etc) and binding of the DNA, any remaining biological 
materials (proteins, phospholipids, etc.) are removed by applying a magnetic 
field to the magnetic particles to draw the particle bound DNA away from the 
remaining lysate. The lysate is aspirated away from the particles and deposited in 
the waste tube. Wash I solution is added to the particle pellet one or more times, 
and each time the particles are mixed into the wash by pipetting. The particles 
are then drawn to the magnet and the Wash I solution is aspirated away from the 
particles. The same procedure is followed for the Wash II and Wash in 
solutions, such that any remaining biological contaminants and finally salts from 
the high salt containing wash solutions are washed from the particles prior to 
elution. Subsequently, bound DNA is eluted using an adequate amount of an 
Elution solution known to those having ordinary skill in the art. The particles 
are pipetted in the Elution solution to mix and the eluate containing the DNA is 
collected. 

In the DNA Lysate protocol, the sample is lysed prior to loading it onto 
the instrument and treated with RNase enzyme. Following lysis of the sample 



35 



WO 2007/050327 PCT/US 2006/040 173 

■ 

(e.g., cultured cells, white blood cells, tissue) the lysate is loaded onto the 
instrument, a Binding solution is optionally added to the lysate, and DNA is 
bound to the particles. Any remaining biological materials (proteins, 
phospholipids, etc.) are removed by applying a magnetic field to the magnetic 
particles to draw the particle bound DNA away from the remaining lysate. The ■ 
lysate is aspirated away from the particles and deposited in the waste tube. 
Wash I solution is added to the particle pellet one or more times, and each time 
the particles are mixed into the wash by pipetting. The particles are then drawn 
to the magnet and the Wash I solution is aspirated away from the particles. The 
same procedure is followed for the Wash III solution, such that any remaining 
biological contaminants, and salts from the high salt containing Wash I solution, 
are washed from the particles prior to elution. Subsequently, bound DNA is 
eluted using an adequate amount of an Elution solution known to those having 
ordinary skill in the art. The particles are pipetted in the Elution solution to mix 
and the eluate containing the DNA is collected. 

In the RNA Lysate protocol, the sample is lysed prior to loading it onto 
the instrument, and following lysis of the sample (e.g., cultured cells, white 
blood cells, tissue) the lysate is loaded onto the instrument, a Binding solution is 
optionally added to the lysate, and nucleic acids (total nucleic acids) are bound 
to the particles. Any remaining biological materials (proteins, phospholipids, 
eta) are removed by applying a magnetic field to the magnetic particles to draw 
the particle bound nucleic acids away from the remaining lysate. The lysate is 
.aspirated away from the particles and deposited in the waste tube. Wash I 
solution is added to the particle pellet one or more times, and each time the 
particles are mixed into the wash by pipetting. The particles are then drawn to 
the magnet and the Wash I solution is aspirated away from the particles. The 
same procedure is followed for the Wash III solution, such that any remaining 
biological contaminants, and salts from the high salt containing Wash I solution, 
are washed from the particles prior to the DNase step. A buffered DNase 
solution is added and. mixed into the particle pellet and incubated, after which a 
Rebinding solution is also added to the DNase and particle mixture. The 
particles are drawn to the magnet and the solution mixture is aspirated from the 
particles. Subsequently, Wash IV and Wash III are added one or more times, 
mixed and aspirated away from the particles. The Wash IV removes any 
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remaining RNase enzyme activity from the particles and Wash III removes any 
remaining biological contaminants, and salts from the high salt containing Wash 
IV solution. The bound RNA is eluted using an adequate amount of an Elution 
solution known to those having ordinary skill in the art. The particles are 
5 pipetted in the Elution solution to mix and the eluate containing the RNA is 
collected. 

* 

Methods of Isolating Nucleic Acids Using the Automated Instrument 
In certain embodiments, samples such as blood, cultured cells, body 

1 0 fluids, etc. are manually transferred from the primary collect tube into Magnetic 
Processing Tube 18 by the operator. The Magnetic Processing Tubes 18 contain 
magnetic particles and may optionally contain proteinase K. Magnetic 
Processing Tubes 18 containing samples and particles (and optionally enzymes) 
are placed in the Magnetic Processing Holder 1 6 located on the mounting plate 

15 of the Process Assembly 10 in the most rearward position (far back row). One 
or more samples can be loaded. Magnetic Processing Tubes 1 8, Disposable Tips 
26, Waste Tubes 22, and Output Tubes 20 are loaded into corresponding sections 
of the Mounting Plate 12 of the Process Assembly 10. Pre-packaged Reagent 
Packs 24 appropriate for desired protocol are loaded into the instrument. The 

20 desired protocol is selected through the User Interface 82. The system provides 
the capability to of processing multiple user-selectable protocols. Each protocol 
provides the process parameters that have been optimized for the desired sample 
type and volume. 

In one embodiment, the sample volume for the Direct Lysis of whole 

25 blood or bufify coat may be 200 pL up to 800 pL, for example, 200 pL or 500 
pL, up to 800 pL. In one embodiment, the sample volume for the isolation of 
nucleic acids from cultured cell lysates may be 1,000 cells up to 10 million cells, 
for example 1,000 cells up to 5 million cells, or from 1 million to 2 million cells. 

* * 

In another embodiment, the sample volume for the DNA or RNA Lysate 
30 protocol for whole blood may be 500 pL to 3 mL. 

Once the sample (or samples) is transferred from the primary sample tube 
to the Magnetic Process Tubes 18, the operator installs the remaining 
disposables and Reagent Pack 24 onto the Mounting Plate 12 of the Process 
Assembly 10. The operator activates the automated instrument, allowing the 



37 



WO 2007/050327 PCTAJS2006/040 1 73 

instrument to initiate the purification process so that it goes through the required 
sequential steps. 

In one embodiment, the following protocol is used for processing DNA 
from 200 ixL or 500 pL samples of whole blood or buffy coat using the Direct 
5 Lysis protocol. First, the operator adds 200 pL or 500 |jlL of whole blood or 
bufly coat to a 10 mL Magnetic Processing Tube 18 containing Proteinase K and 
magnetic particles in glycerol. The operator loads all disposables (tips, tubes) 
and either a "DNA Whole Blood" or a "DNA Buffy Coat" Reagent Pack 24 into 
the holders along the Mounting Plate 12 of the Process Assembly 1 0 of the 
1 0 instrument. The disposable loading order, front to back of instrument, is set 
forth as depicted in Figure 7B, namely: Output tube 20, Disposable Tips 26, 
Magnetic Processing Tube 18, Waste Tube 22, and Reagent Pack(s) 24. 

The instrument performs the following steps: loads Disposable Tips 26 
onto Aspiration Pipettor Assembly 38; verifies the presence, number and volume 
15 of sample; using the Dispense Pipettor Assembly 48, adds Lysis Solution to 
sample(s) in the Magnetic Processing Tubes 18; using Aspiration Pipettor 
Assembly 38, pipettes up and down to mix; incubates samples at 45°C for ten 
minutes (during incubation, the sample is mixed); using Aspiration Pipettor 
Assembly 38, transfers waste to Waste Tube 22; using Dispense Pipettor 
20 Assembly 48, adds Binding Solution to sample and using Aspiration Pipettor 
Assembly 38, pipettes up and down 10 times to mix; incubates at room 
temperature for 10 minutes; Magnetic Elevator Assembly 28 brings the Magnet 
32 into position against the Magnetic Processing Tube 18 r incubates for 20 
seconds, and transfers waste to Waste Tube 22 using Aspiration Pipettor 
25 Assembly 38; using Dispense Pipettor Assembly 48, adds 500 pL to 1 mL Wash 
I Solution to sample; Magnetic Elevator Assembly 28 brings Magnet 32 into 
position against the Magnetic Processing Tube 18, incubates for 20 seconds, and 
transfers waste to Waste Tube 22 using Aspiration Pipettor Assembly 38 
(previous two steps, may be repeated, if desired); using Dispense Pipettor 
30 Assembly 48, adds 500 pL to 1 mL Wash II Solution to sample; Magnetic 
Elevator Assembly 28 brings Magnet 32 into position against the Magnetic 
Processing Tube 1 8, incubates for 20 seconds, and transfers waste to Waste Tube 
22 using Aspiration Pipettor Assembly 38 (previous two steps may be repeated, 
if desired); Wash III is handled similarly to the descriptions for Wash I and 
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Wash II; using Dispense Pipettor; adds 100 fiL Elution Solution to sample and 
using Aspiration Pipettor Assembly 38, pipettes up and down multiple times to 
mix; incubates at room temperature for 5 minutes; and Magnetic Elevator 
Assembly 28 brings Magnet 32 into position against the Magnetic Processing 
Tube 1 8, incubates for 1 minute, and transfers DNA to Output Tube 20 using 
Aspiration Pipettor Assembly 38(eIution step may be repeated, if desired to 
increase DNA yield). 

Articles of Manufacture 

The reagents, methods and kits featured in the present invention provide 
substantially pure and undegraded nucleic acids with relatively little 
contaminating impurities such that the nucleic acids may be used in downstream 
processes known to those having ordinary skill in the art. The invention 
features, inter alia, a kit that includes specific protocols, which in combination 
with the reagents and the solid supports described herein, may be used for 
purifying DNA, RNA, or both DNA and RNA from samples according to the 
methods of the invention. The invention additionally includes an automated 

« 

instrument for purifying DNA, RNA, or both DNA and RNA, in a cost-effective 
manner by providing a cost-effective instrument as well as cost-effective multi- 
use Reagent Packs 24. Substantially pure, undegraded nucleic acids are nucleic 
acids that is suitable for use in subsequent analyses, including, but not limited to, 
nucleic acid quantification, restriction enzyme digestion, DNA sequencing, 
hybridization technologies, such as Southern Blotting, etc., amplification 
methods such as Polymerase Chain Reaction (PCR), Ligase Chain Reaction 
(LCR), Nucleic Acid Sequence Based Amplification (NASB A), Self-sustained 
Sequence Replication (SSR or 3SR), Strand Displacement Amplification (SDA), 
and Transcription Mediated Amplification (TMA), Quantitative PCR (qPCR), or 
other DNA analyses, as well as RT-PCR, in vitro translation, Northern blotting, 
microarray analysis and other RNA analyses. 

This invention will be further described by reference to the detailed 
examples included herein. These examples are offered to fizrther illustrate the 
various specific and illustrative embodiments and techniques. It should be 
understood, however, that many variations and modifications may be made 
while remaining within the scope of the present invention. 
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EXAMPLES 

Example 1 - Preparation of Magnetic Processing Tubes 
The tube manufacturing process for the 200 pL DNA Direct Lysis Whole 
Blood protocol process tubes consisted of 7 |xL (20 mg/mL) of Proteinase K 
solution dispensed into the bottom of a 10 mL conical tube, followed by 46 pL 
Promega Magnesil® paramagnetic particle solution and 1 1 jlxL of glycerol 
(Sigma). The tubes were dried in a vacuum oven at 28°C for three to five hours 
to . form a Magnetic Processing Tube containing 4.6 mg of particles suspended in 
about 100% glycerol and Proteinase K. 

The tube manufacturing process for the 200 jiL and 500 pL DNA Direct 
Lysis Bufify protocols, and the 500 pL DNA Direct Lysis Whole Blood protocol 
process tubes consisted of 15 jxL (20 mg/mL) of Proteinase K solution dispensed 
into the bottom of a 10 inL conical tube, followed by 130 jxL Promega 
Magnesil® paramagnetic particle solution and 28 jiL of glycerol (Sigma). The 
tubes were dried in a vacuum oven at 30°C eight to sixteen hours to form a 
Magnetic Processing Tube containing 13 mg of particles suspended in about 
100% glycerol and Proteinase K. 

The tube manufacturing process for the RNA Lysate and DNA Lysate 
protocols consisted of 130 pL Promega Magnesil® paramagnetic particle solution 
and 33 pL of glycerol (Sigma) dispensed into the bottom of a 10 mL conical 
tube. The tubes were dried in a vacuum oven at 30°C eight to sixteen hours to 
form a Magnetic Processing Tube containing 13 mg of particles suspended in 
about 1 00% glycerol. 

Example 2 - Isolation and Purification of RNA from Cultured Cells T 
White Blood Cells or Tissue Using the RNA Lysate Protocol 

In this example, RNA from 1 million and 5 million eukaryotic K562 cell 
pellets were purified using the RNA Lysate Protocol. White blood cells or tissue 
can also be purified using this protocoL The use of Binding solution was 
examined in order to determine whether a yield improvement was observed for 
these cell numbers when a Binding solution was added to the lysate after 
homogenization. This is an automated instrument protocol, but one or more of 
these steps can also be executed manually. 

* 
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Lysate Generation. Cell pellets containing 1 million and 5 million 
eukaryotic K562 cells were lysed in 400 \iL of Lysis Solution (8 M LiCl, 0.1% 
TritonX-100, 1 0% DGME, lOmMEDTA, 0.01% Dow Corning® Antifoam A 
compound, 20 mM TCEP in 100 mM Tris at pH 7,0). The cells were vortexed 
for 1 minute to iyse and homogenize the samples. 

RNA Binding to Particles. Each lysate was transferred to a Magnetic 
Processing Tube containing particles and loaded onto the instrument. The 
samples were mixed into the particles by pipetting 30 times. To test the effect of 
using a Binding Solution to improve RNA yields, Binding Solution was added to 
the particle and lysate mixture in half the tubes (for 1 million ceils, 600 pL 100 
% ethanol; for 5 million cells, 200 pL of 55% ethanol, 5 M LiCl) and mixed into 
the mixture by pipetting 30 times, while no Binding Solution was added to the 
rest of the samples. The magnet was moved into position against the tube, and 
particles removed from the solution to the side of the tube. Waste was aspirated 
away from the particles into the waste tube and the magnet was removed from 
the tube. 

First Wash 800 \iL of Wash I Solution (55% ethanol, 5 M LiCl) was 
added to the particles and mixed by pipetting 1 0 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 
of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. 

Second Wash 500 jiL of Wash III Solution (70% ethanol, 100 mM Tris, 
5 mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. 

DNase Treatment. 200 ^L of DNase Solution (100 Units/200 pL in 
DNase buffer: 6 mM CaCl 2 , 15 mM MgCl 2 , 20 mM Tris) was added to the 
particles, mixed by pipetting 20 times and incubated at room temperature for 20 
minutes. The solution was mixed twice during this incubation period. 

* 

RNA Rebinding to Particles. 200 jiL of Rebinding Solution (1 00% 
Isopropanol) was added to the DNase and particle mixture, and mixed by 
pipetting 20 times. The magnet was moved into position against the tube, and 
particles removed from the solution to the side of the tube. Waste was aspirated 



41 



WO 2007/050327 PCTAJS2006/040173 

away from the particles into the waste tube and the magnet was removed from 
the tube. 

Third Wash. 800 yL of Wash IV Solution (1 8% methanol, 6 M LiCI) 
was added to the particles and mixed by pipetting 10 times. The magnet was 
moved into position against the tube, and particles removed from the solution to 
the side of the tube. Waste was aspirated away from the particles into the waste 
tube and the magnet was removed from the tube. This wash was repeated a 
second time. 

Final Wash 500 jiL of Wash ffl Solution (70% ethanol, 100 mM Tris, 5 
mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. This 
wash was repeated a second time. 

Sample Elution. 100 jliL of Tris-EDTA Solution (10 mM Tris, pH 7.5, 
0.1 mM EDTA) was added to the particles and mixed by pipetting 40 times. The 
sample was incubated for 5 minutes. The magnet was moved into position 
against the tube, and particles removed from the solution to the side of the tube. 
The solution containing RNA was aspirated and transferred to an output tube. 
The elution step was repeated a second time and the two elution volumes were 
combined into one final output tube. 

Results. The purified RNA samples were analyzed by agarose gel 
electrophoresis for stable and intact ribosomal RNA bands (Figure 8A). 15 jxL 
of each 5 million pellet sample was loaded onto a 1.4% agarose gel and 
electrophoresed at 80 V for 45 minutes. The results indicated that clean (i.e., 
intact and essentially free of DNA) and stable RNA was obtained from cultured 
cells. Graph 1 contains the yield data from 1 million and 5 million K562 cell 
pellets in \ig RNA per million cells as determined by UV absorbance 
measurements at 260 nm. 

* 

The data in Graph 1 indicates that higher yields of RNA are obtained by 
adding a Binding Solution to the lysates prior to lysate aspiration and the 
subsequent washing steps. The gel for 5 million cultured cells shows the 
difference in ribosomal band intensity with and without the Binding solution. 
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This experimental work showed that the methods and solutions of the present 
invention provide fast and effective methods for purifying RNA. 

Example 3: Isolation and Purification of RNA from Cultured Cells 

or Tissue using RNA Lysate Protocol 

■ 

This example contains a protocol for the purification of RNA from 
Cultured Cells or tissue. Some cell lines or tissue may require TCEP as a 
reducing agent in the Lysis solution in order to more thoroughly eliminate 
RNase enzyme activity. 

This is an automated instrument protocol, but one or more of these steps can also 
be executed manually. 

RNA Binding to Particles, The cells in the sample were lysed using 800 
\£L Lysis Solution (8 M LiCl, 0.1% Triton X-l 00, 10% DGME, 1 0 mM EDTA, 
in 100 mM Tris at pH 7.0). The lysate was transferred to a Magnetic Processing 
Tube containing particles (100 jiL Promega Magnesil® paramagnetic particles) 
and loaded onto the instrument. The lysate and particles were mixed together by 
pipetting 20 times. The magnet was moved into position against the tube, and 
particles removed from the solution to the side of the tube. Waste was aspirated 
away from the particles into the waste tube and the magnet was removed from 
the tube. 

First Wash 800 ^iL of Wash I solution (55% ethanol, 5 M LiCl) was 
added to the particles and mixed by pipetting 1 0 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 
of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. 

Second Wash. 500 ^L of Wash III Solution (70% ethanol, 100 mM Tris, 
5 mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. 

DNase Treatment 200 yL of DNase Solution (100 Units/200 in 
DNase buffer: 6 mM CaCl 2 , 15 mM MgCl 2 , 20 mM Tris) was added to the 
particles, mixed by pipetting 20 times and incubated at room temperature for 1 0 
minutes. The solution was mixed twice during this incubation period. 
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RNA Rebinding to Particles, 200 pL of Rebinding Solution (100% 
Isopropanol) was added to the DNase and particle mixture, and mixed by 
pipetting 20 times. The magnet was moved into position against the tube, and 
particles removed from the solution to the side of the tube. Waste was aspirated 
away from the particles into the waste tube and the magnet was removed from 
the tube. 

Final Wash. 800 pL of Wash III Solution (70% ethanol, 100 mM Tris, 5 
mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. This 
wash was repeated a second time. 

Sample Elution. 100 \xL of Tris-EDTA Solution (10 mM Tris, pH 7.5, 
0.1 mM EDTA) was added to the particles and mixed by pipetting 40 times. The 
sample was incubated for 5 minutes. The magnet was moved into position 
against the tube, and particles removed from the solution to the side of the tube. 
The solution containing RNA was aspirated and transferred to an output tube. 
The elution step was repeated a second time and the two elution volumes were 
combined into one final output tube. 

Example 4 - Isolation and Purification of DNA from Cultured Cells, 
White Blood Cells or Tissue Using the DNA Lvsate Protocol 

In this example, DNA from 5 million eukaryotic K562 cell pellets were 
purified using the DNA Lysate Protocol. White blood cells or tissue can also be 
purified using this protocol. The use of RNase A enzyme to remove unwanted 
RNA contamination was examined by gel electrophoresis and compared to 
samples in which RNase A enzyme was not used in the purification. In this 
example, a Binding Solution was not added to the lysate, however adding a 
Binding Solution to the lysate increases DNA yields similarly to the increase in 
RNA yields observed in Example 2. This is an automated instrument protocol, 
but one or more of these steps can also be executed manually. 

Lysate Generation. 

Cell pellets containing 5 million eukaryotic K562 cells were lysed in 600 
uL of Lysis Solution (8 M LiCl, 0.1% Triton X-100, 10% DGME, 10 mM 
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EDTA, 0.01% Dow Corning® Antifoam A compound, in 100 mM Tris at pH 
7.0). The cells were vortexed for 1 minute to lyse and homogenize the samples. 
The Lysate was treated with 2 of 4 mg/mL RNase A solution and incubated 
for 10 minutes. 

DNA Binding to Particles. Each lysate was transferred to a Magnetic 
Processing Tube containing particles and loaded onto the instrument. The 
samples were mixed into the particles by pipetting 20 times. The magnet was 
moved into position against the tube, and particles removed from the solution to 
the side of the tube. Waste was aspirated away from the particles into the waste 
tube and the magnet was removed from the tube. 

First Wash 800 pL of Wash I Solution (55% ethanol, 5 M LiCl) was 
added to the particles and mixed by pipetting 10 times. The magnet was moved ' 
into position against the tube, and particles removed from the solution to the side 
of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. This wash step is repeated at least once. 

Second Wash 800 [xL of Wash IH Solution (70% ethanol, 100 mM Tris, 
5 mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. This 
wash step is repeated at least once. 

Sample Elution. 200 of Tris-EDTA Solution (10 mM Tris, pH 7.5, 
0. 1 mM EDTA) was added to the particles and mixed by pipetting 40 times. The 
sample was incubated for 5 minutes. The magnet was moved into position 
against the tube, and particles removed from the solution to the side of the tube. 
The solution containing DNA was aspirated and transferred to an output tube. 

i 

The elution step was repeated a second time and the two elution volumes were 
combined into one final output tube. 

Results. The purified samples were analyzed by agarose gel 
electrophoresis for genomic DNA and to examine for RNA contamination in 
samples treated and untreated with RNase A (Figure 9A). 20 \xL of each sample 
was loaded onto a 1.4% agarose gel and electrophoresed at 100 V for 60 
minutes. 

45 



WO 2007/050327 PCT/US2006/040173 

Both Figure 9B and the gel electrophoresis results (Figure 9A) both 
indicate that higher yields of genomic DNA are obtained by adding RNase A to 
the lysate to eliminate RNA contamination from the lysate, prior to binding to 
the particles, even though the non-treated RNase A group has UV absorbance 
contribution from RNA in the final yield calculation. It is apparent that if RNA 
is not removed from the lysate prior to DNA binding that the RNA competes for " 
DNA binding sites which would otherwise be available. This experimental work 
showed that the methods and solutions of the present invention provide fast and 
effective methods for purifying DNA. 

Example 5 - Isolation and Purification of DNA from Cultured Cells 

Using DNA Lysate Protocol 
In this example cultured cells or tissue can be purified using the DNA 
Lysate protocol. This is an automated instrument protocol, but one or more of 
these steps can also be executed manually. 

Lysate Generation. Cells were lysed in 800 jiL of Lysis Solution (8 M 
LiCl, 0.1% Triton X-100, 10% DOME, 10 mM EDTA in 100 mM Tris at pH 
7.0). The samples were homogenized for 1 minute. The Lysate was treated with 
2 pL of 4 mg/mL RNase A solution and incubated for 10 minutes. 

* * 

DNA Binding to Particles. Each lysate was transferred to a Magnetic 
Processing Tube containing 90 \xL of particles (silica coated ferrous oxide 
particles) and loaded onto the instrument. The samples were mixed into the 
particles by pipetting 20 times. The magnet was moved into position against the 
tube, and particles removed from the solution to the side of the tube. Waste was 
aspirated away from the particles into the waste tube and the magnet was 
removed from the tube. 

Wash. 800 pL of Wash in Solution (70% ethanol, 1 00 mM Tris, 5 mM 
EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. The 
magnet was moved into position against the tube, and particles removed from the 
solution to the side of the tube. Waste was aspirated away from the particles into 
the waste tube and the magnet was removed from the tube. 

Sample Elution. 200 pL of Tris-EDTA Solution (10 mM Tris, pH 7.5, 
0.1 mM EDTA) was added to the particles and mixed by pipetting 40 times. The 
sample was incubated for 5 minutes. The magnet was moved into position 
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against the tube, and particles removed from the solution to the side of the tube. 
The solution containing DNA was aspirated and transferred to an output tube. 
The elution step was repeated a second time and the two elution volumes were 
combined into one final output tube. 

.* . 

Example 6 - Isolation and Purification of DNA from Whole Blood 

using the Direct Lysis Protocol 

In this example, DNA from 200 |iL of whole blood was purified on the 
instrument using the Direct Lysis Protocol. DNA from 500 \iL of whole blood 
can be obtained using a similar protocol, using increased Lysis and Binding 
Solution volumes and extra wash steps. This is an automated instrument 
protocol, but one or more of these steps can also be executed manually. 

Sample Lysis and Binding Steps. A 200 \xL blood sample was pipetted 
into a Magnetic Processing Tube containing particles and Proteinase K in 
glycerol and loaded onto the instrument. 600 yJL of Lysis Solution (50 mM Tris, 
pH 10-11, 2 M LiCl, 0.1% SDS, 30% DOME, 10 mM citrate, 0.05% Dow 
Corning® Antifoam A compound) was added to the particles and the sample was 
mixed by pipetting 20 times. The sample was incubated at 45°C for 10 minutes 
with periodic mixing during the incubation. The lysed whole blood sample was 
moved to a second processing tube and 1200 jiL of Binding Solution (50 mM 
Tris, '10 M LiCl, 10% DGME) was added to the lysate and mixed by pipetting 20 
times. The magnet was moved into position against the tube, and particles 
removed from the solution to the side of the tube. Waste was aspirated away 
from the particles into the waste tube and the magnet was removed from the 
tube. 

First Wash 500 jiL of Wash I Solution (55% ethanol, 5 M LiCl) was 
added to the particles and mixed by pipetting 15 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 
of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. This wash was repeated a second time. ' 

Second Wash 800 nL of Wash II Solution (100% isopropanol) was 
added to the particles and mixed by pipetting 10 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 
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of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. 

Third Wash. 500 \£L of Wash III Solution (70% ethanol, 100 mM Tris, 5 
mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
5 The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. This 
wash was repeated a second time. 

Elution Prewash (Ethanol Removal Step). 200 |xL of Tris-EDTA 
1 0 Solution ( 1 0 mM Tris, pH 7.5, 0. 1 mM EDTA) was washed over the particle 
pellet while the magnet was next to tube and quickly aspirated and transferred to 
the waste tube. 

Sample Elution. 100 pL of Tris-EDTA Solution (10 mM Tris, pH 7.5, 
0.1 mM EDTA) was added to the particles and mixed by pipetting 150 times 
15 while the sample was incubated for 5 minutes. The magnet was moved into 
position against the tube, and particles removed from the solution to the side of 
the tube. The solution containing DNA was aspirated and transferred to an 
output tube. The elution step was repeated a second time and the two elution 
volumes were combined into one final output tube. 

20 

Results. Two instrument runs of 8 purified samples each were analyzed 
by agarose gel electrophoresis for genomic DNA (Gel 3). 15 pL of each sample 
was loaded onto a 1 % agarose gel and electrophoresed at 100 V for 60 minutes. 
The data in Graph 3 shows DNA yields in pg for two instrument runs of 
25 8 samples each. The results indicate that the automated methods provided 
consistent and competitive yields of clean and stable DNA from whole blood, 
showing that the compact instrument of the present invention provides fast and 
effective methods for purifying DNA. 

30 Example 7 - Isolation and Purification of PNA from Buffy Coat 

using the Direct Lysis Protocol 
In this example, white blood cells were concentrated from whole blood 
by centrifiigation and the layer of concentrated white blood cells were pulled 
from the tube for DNA purification by the Direct Lysis method. The protocols 
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for 200 \xL and 500 pL of buffy coat are similar to those of Direct Lysis of whole 
blood, but with increased Lysis and Binding Solution volumes and extra wash 
steps. It was necessary to increase Lysis and Binding Solution volumes as white 
blood cell numbers increased, in order to get higher DNA yields. Four samples 
of 500 \iL buffy coat samples were processed, two using 2000 \iL of Lysis 

• ■ 

Solution and 3200 \iL of Binding Solution, and two using 1 500 \iL of Lysis 
Solution and 3000 )iL of Binding Solution, in order to determine which set of 
conditions was higher yielding for DNA. This is an automated instrument 
protocol, but one or more of these steps can also be executed manually. 

Sample Lysis and Binding Steps. A 500 [iL buffy coat sample was 
pipetted into a Magnetic Processing Tube containing magnetic particles and 
Proteinase K in glycerol and loaded onto the instrument. 2000 jjlL or 1500 ^iL of 
Lysis Solution (50 mM Tris, pH 10-11, 2 M LiCl, 0.1% SDS, 30% DGME, 10 
mM citrate, 0.05% Dow Corning® Antifoam A compound) was added to the 
particles and mixed by pipetting 20 times. The sample was incubated at 45°C 
for 10 minutes with periodic mixing during the incubation. The lysed whole 
blood sample was moved to a second processing tube and 3200 jxL or 3000 pL 
of Binding Solution (50 mM Tris, 10 M LiCl, 10% DGME) was added to the 
lysate and mixed by pipetting 30 times. The magnet was moved into position 
against the tube, and particles removed from the solution to the side of the tube. 
Waste was aspirated away from the particles into the waste tube and the magnet 
was removed from the tube. 

First Wash.. 1000 nL of Wash I Solution (55% ethanol, 5 M LiCl) was 
added to the particles and mixed by pipetting 15 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 
of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. This wash was repeated a second time 
with 500 fiL of Wash I Solution. 

* Second Wash. 800 pL of Wash II Solution (100% isopropanol) was 
added to the particles and mixed by pipetting 10 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 
of the tube. Waste was aspirated away from the particles into the waste tube and 

m • 

the magnet was removed from the tube. 
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Third Wash. 1000 nL of Wash HI Solution (70% ethanol, 100 mM Tris, 
5 mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
from the solution to the side of the tube. Waste was aspirated away from the 
5 particles into the waste tube and the magnet was removed from the tube. This 
wash was repeated a second time with 500 pL of Wash HI Solution. 

Elution Prewash (Ethanol Removal Step). 200 fiL of Tris-EDTA 
Solution (10 mM Tris, pH 7.5, 0. 1 mM EDTA) was washed over the particle 
pellet while the magnet was next to tube and quicldy aspirated and transferred to 
10 the waste tube. 

Sample Elution. 400 pL of Tris-EDTA Solution (10 mM Tris, pH 7.5, 
0.1 mM EDTA) was added to the particles and mixed by pipetting 150 times 
while the sample was incubated for 5 minutes. The magnet was moved into 
position against the tube, and particles removed from the solution to the side of 
15 the tube. The solution containing DNA was aspirated and transferred to an 

output tube. The elution step was repeated a second time using 300 \iL of Tris- 
EDTA Solution, and a third time using 100 pL Tris-EDTA Solution. The three 
elution volumes were combined into one final output tube. 



20 Results. The purified DNA samples were analyzed by agarose gel 

* 

electrophoresis (Gel 4). 18 pL of each sample was loaded onto a 1.4% agarose 
gel and electrophoresed at 100 V for 60 minutes. The gel shows clean, 
undegraded genomic DNA was purified from both sets of buffy coat samples. 
The data in Graph 4 shows DNA yields in pg for the buffy coat samples 

25 with the higher and lower volumes of Lysis and Binding Solutions. The UV 
absorbance at 260 nm was used to calculate the DNA yields from each group. 
The results indicate that higher yields are obtained using the higher 2000 pL 
Lysis Solution and 3200 pL Binding Solution volumes. The results indicate that 
the automated methods provided consistent and competitive yields of clean and 

30 stable DNA from buffy coat, showing that the compact instrument of the present 
invention provides fast and effective methods for purifying DNA. 



Example 8 - Isolation and Purification of PNA from Buffy Coat 

using the Direct Lysis Protocol 
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In this example, DNA from a 200 \xL buffy coat sample was purified 
using the Direct Lysis protocol, but other volumes of buffy coat may also be 
purified using a similar protocol. This is an automated instrument protocol, but 
one or more of these steps can also be executed manually. In this example, 100 
5 pL Promega Magnesil® paramagnetic particles was added to a 10 mL conical 
Magnetic Processing Tube. Alternatively, 150 pL Micromod Sicaster-M-CT 
particles or 1 00 nL Novagen MagPrep particles could be used. A magnet was 
applied and the residual liquid from the particle solution was removed. 
Sample Lysis and Binding Steps 

10 A volume of 4.5 pL Proteinase K Solution (20 mg/mL) was added to the 

Magnetic Processing Tube. A 200 jxL bufiy coat sample was added to the 
particle and Proteinase K mixture and loaded onto the instrument. 700 \xL of 
Lysis Solution (2 M LiCl, 0.1% SDS, 30% DGME, 10 mM citrate) was added to 
the particles and mixed by pipetting 20 times. The sample was incubated at 

1 5 45°C for 10 minutes with periodic mixing during the incubation. 800 yL of 

DNA Binding Solution (50 mM Tris, 10 M LiCl, 10% DGME) was added to the 
lysate and mixed by pipetting 5 times. The tube was incubated at room 
temperature for 10 minutes. The magnet was moved into position against the 
tube, and particles removed from the solution to the side of the tube. Waste was 

20 aspirated away from the particles into the waste tube and the magnet was 

« 

removed from the tube. 

First Wash. 1 000 liL of Wash I Solution (55% ethanol, 5 M LiCl) was 
added to the particles and mixed by pipetting 15 times. The magnet was moved 
into position against the tube, and particles removed from the solution to the side 

* 

25 of the tube. Waste was aspirated away from the particles into the waste tube and 
the magnet was removed from the tube. This wash step was repeated five times. 

Second Wash. 1000 pL of 70% ethanol was added to the particles and 
mixed by pipetting 10 times. The magnet was moved into position against the 

* 

tube, and particles removed from the solution to the side of the tube. Waste was 
30 aspirated away from the particles into the waste tube and the magnet was 
removed from the tube. This wash step was repeated five times. 

Final Wash 500 ^L of Wash m Solution (70% ethanol, 1 00 mM Tris, 5 

■ 

mM EDTA, pH 7) was added to the particles and mixed by pipetting 10 times. 
The magnet was moved into position against the tube, and particles removed 
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from the solution to the side of the tube. Waste was aspirated away from the 
particles into the waste tube and the magnet was removed from the tube. This 
wash step was repeated five times. 

Sample Elution, 150 - 200 \\L of Tris-EDTA Solution (10 mM Tris, pH 
5 7.5, 0.1 mM EDTA) was added to the particles and mixed by pipetting 5 times 
while the sample was incubated for 5 minutes. The magnet was moved into 
position against the tube, and particles removed from the solution to the side of 
the tube. The solution containing DNA was aspirated and transferred to an 
output tube. The elution step was repeated a second time using 50 - 200 pL of 
1 0 elution solution. 



♦ 

A number of embodiments of the invention have bedn described. 

■ 

Nevertheless, it will be understood that various modifications may be made 
without departing from the spirit and scope of the invention. Accordingly, other 
1 5 embodiments are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A processing assembly, comprising: 

a magnetic processing assembly; and 
• a magnetic elevator assembly, 
wherein the magnetic processing assembly is configured to hold at least 
one tube, wherein the magnetic elevator assembly comprises a magnet mounting 

* 

assembly, wherein the magnet mounting assembly comprises at least one magnet 
that is able to assume at least a first position and a second position, wherein in 
the first position, the at least one magnet is moved distally from the magnetic 
processing assembly and wherein in the second position, the at least one magnet 
is moved adjacent to the sample tube when the magnetic processing tube is in the 
magnetic processing assembly. 

2. The processing assembly of claim 1, wherein the magnet mounting 
assembly is able to assume the at least first and second positions using a drive 
system. 

3. The processing assembly of claim 2, wherein the drive system comprises 
either or both a pivoting bar and/or one or more springs. 

4. The processing assembly of claim 1, wherein the magnetic processing 
tube is a conical tube. 

5. A pump assembly, comprising: 
at least one cylinder comprising: 

a piston; 

a cylinder actuator rod; and 

an upper and lower port for fluidly connecting the cylinder to one 
or more pipettor assemblies. 

■ 

6. An apparatus for nucleic acid isolation, comprising: 

(a) a process assembly, comprising a mounting plate, wherein the 
mounting plate comprises (i) at least one holder for one or more tubes; (ii) a 
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receiving mechanism for receiving the magnetic processing assembly of claim 1 ; 
and (iii) a first and second receptacle for receiving reagents; 

(b) an upper deck assembly comprising the pump assembly of claim 5 
comprising a Y-direction drive mechanism; 

(c) an aspiration pipettor assembly; and 

(d) a dispense pipettor assembly, wherein the aspiration pipettor 
assembly and the dispense pipettor assembly are fluidly connected to the Y- 
direction drive mechanism. 

7. The apparatus of claim 6, wherein the mounting plate further comprises a 
disposable tip holder for at least one disposable tip. 

8. The apparatus of claim 6, wherein the mounting plate comprises at least 
two holders for tubes. 

9. The apparatus of claim 8, wherein one holder is for output tubes and the 
other holder is for waste tubes. 

10. The apparatus of claim 6, wherein the reagents are contained within a 
reagent pack. 

1 1 . The apparatus of claim 6, wherein the reagents are contained within a 
reagent pack .1 and a reagent pack 2. 

12. - The apparatus of claim 6, further comprising a magnetic processing 
assembly. 

13. A system for automated isolation of nucleic acids, comprising the 

i 

apparatus of claim 6; and an electronic control system, wherein the electronic 
control system comprises a programmable microcontroller; and a user interface. 

14. The system of claim 13, wherein the user interface is a display. 
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13, further comprising a magnetic processing 



16. An automated method for isolating nucleic acid from a biological sample 
containing nucleic acid, comprising the steps of: 

(a) adding a sample containing a biological starting material into a . 
magnetic processing tube, wherein the magnetic processing tube 
contains silica coated magnetic particles, and optionally an 
enzyme solution; 

(b) activating an apparatus for isolating nucleic acids, wherein the 
apparatus comprises a dispense pipettor assembly; a aspiration 
pipettor assembly; reagent pack comprising an optional lysis 
solution, an optional nucleic acid binding solution, a wash I 
solution, an optional wash II solution, an optional wash ED 
solution, an optional wash IV solution, and elution solution; 
disposable tips; an output tube, a waste tube; magnetic elevator 
assembly; and a magnetic processing tube, wherein the apparatus 
carries out the following steps: 

(1) optionally verifying the presence and/or volume of the 
sample by a sensing means; 

(2) optionally transferring lysis solution from the reagent 
pack to the magnetic processing tube by means of the 
dispense pipettor assembly and incubating the samples 
with heat; 

(3) optionally transferring nucleic acid binding solution from 
the reagent pack to the magnetic processing tube by means 
of the dispense pipettor assembly, contacting the magnetic 
processing tube with the magnetic elevator assembly, and 
aspirating liquid from the magnetic processing tube to the 
waste tube; 

(4) transferring wash I solution from the reagent pack to the 
magnetic processing tube by means of the dispense 
pipettor assembly, contacting the magnetic processing 
tube with the magnetic elevator assembly, and aspirating 



liquid from the magnetic processing tube to the waste 
tube; 

(5) optionally transferring wash II solution from the reagent 
pack to the magnetic processing tube by means of the 
dispense pipettor assembly, contacting the magnetic 
processing tube with the magnetic elevator assembly, and 
aspirating liquid from the magnetic processing tube to the 
waste tube; 

(6) transferring wash III solution from the reagent pack, one 
or more times, to the magnetic processing tube by means 
of the dispense pipettor assembly, contacting the magnetic 
processing tube with the magnetic elevator assembly, and 

* 

aspirating liquid from the magnetic processing tube to the 
waste tube; 

(7) transferring elution solution from the reagent pack to the 
magnetic processing tube by means of the dispense 
pipettor assembly to form a purified nucleic acid sample, 
contacting the magnetic processing tube with the magnetic 
elevator assembly; and 

(8) transferring the purified nucleic acid sample from the 
magnetic processing tube by means of the aspiration 
pipettor assembly to an output tube. 

The automated method of claim 16, wherein step, (b)(2), (b)(3), (b)(4), 
(b)(5), (b)(6), and/or (b)(5) further comprises mixing of the sample by the 
aspiration pipettor assembly by pipetting up and down the sample. 

The method of claim 16, wherein the sample containing a biological 
starting material is mixed with a lysis solution prior to the sample being 
added into the magnetic processing tube. 

The method of claim 16, wherein the nucleic acid is DNA. 

The method of claim 16, wherein the nucleic acid is RNA. 

■ 
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2 1 . The method of claim 1 6, wherein the binding solution comprises 50 to 
150 mM Tris at a pH of about 7 to 10, a complexing salt at a 
concentration of about 5 to 1 5 M, and a surfactant at a concentration of 
about 5 to 15%. 

22. The method of claim 16, wherein the complexing salt is lithium chloride. 

23. The method of claim 16, wherein the binding solution further comprises 
an alcohol, 

* 

24. The method of claim 16, wherein the binding solution consists essentially 
of an alcohol. 

25. The method of claim 1 6, wherein the enzyme solution comprises about 
1 0 to 25 mg/mL Proteinase K and/or about 2 to mg/mL RNase A. 

* 

26. The method of claim 1 6, further comprising the following steps after step 
(6): 

(i) transferring DNase I solution and Rebinding solution from 
the reagent pack to the magnetic processing tube by means of the 
dispense pipettor assembly, contacting the magnetic processing tube with 
the magnetic elevator assembly, and aspirating liquid from the magnetic 
processing tube to the waste tube; 

(ii) transferring wash IV solution from the reagent pack, one 
or more times, to the.magnetic processing tube by means of the dispense 
pipettor assembly and mixing, contacting the magnetic processing tube 
with the magnetic elevator assembly, aspirating liquid from the magnetic 
processing tube to the waste tube; 

(iii) transferring wash IE solution from the reagent pack, one 
or more times, to the magnetic processing tube by means of the dispense 
pipettor assembly and mixing, contacting the magnetic processing tube 
with the magnetic elevator assembly, and aspirating liquid from the 
magnetic processing tube to the waste tube. 
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27. The method of claim 26, wherein the DNase I solution comprises DNase 
I present at a concentration of about 0.25 to 1 .0 U/mL. 

. 28. The method of claim 26, wherein the rebinding solution comprises salt at 
a concentration of about 5 to 15 M and/or an alcohol. 

29. The automated method of claim 16, wherein the lysis solution comprises 
a lithium salt at a concentration of about 2 M to about 9 M, one or more 
amphiphilic reagents at a concentration of at least 10-40% w/v, and a 
buffer, wherein the solution has a pH of at least 7. 

30. The method of claim 1 6, wherein the wash I solution comprises lithium 
salt at a concentration between 4-10 M, and an alcohol at a concentration 
of about 15-80 %v/v. 

3 1 . The method of claim 1 6, wherein the wash I solution comprises 5 M LiCl 
and 55% ethanol. 

32. The method of claim 16, wherein the wash II solution comprises an 
alcohol. 

33. The method of claim 16, wherein the wash II solution comprises is 100% 
isoprppyl alcohol at a concentration of 1 00% v/v. 

34. The method of claim 1 6, wherein the wash EI solution comprises a 
buffer, alcohol, and a chelator. 

35. The method of claim 16, wherein the wash III solution comprises 50 to 
150 mM Tris at a pH of about 6 to 9, alcohol at a concentration of about 
50 to 90% v/v, and about 1 to 20 mM EDTA. 

3 6. The method of claim 1 6, wherein the wash IH solution comprises 70% 
ethanol, 1 00 mM Tris (pH 6-8) and 5mM EDTA. 

58 



WO 2007/050327 



PCT/US2006/040173 



37. The method of claim 1 6, wherein the wash IV solution comprises 4-1 0 M 
lithium salt, an alcohol at a concentration of about 5 to 30 % v/v. 

38. The method of claim 1 6, wherein the wash IV solution comprises 6 M 
LiCI and 1 8% methanol. 

39. The automated method of claim 1 6, wherein the magnetic particles are 
packaged in a mixture containing glycerol. 

40. The automated method of claim 1 6, wherein the magnetic elevator 
assembly comprises a magnet mounting assembly and at least one 
magnet operably linked to the magnet mounting assembly, wherein the at 
least one magnet that is able to assume at least a first position and a 
second position, wherein in the first position, the at least one magnet is 
moved distally from a magnetic processing tube holder and wherein in 
the second position, the at least one magnet is moved adjacent to the 
magnetic processing tube holder. 

41 . The automated method of claim 1 6, wherein the precision pump 
comprises at least one cylinder comprising a piston; a cylinder actuator 
rod; and an upper and lower port for fluidly connecting the cylinder to 
one or more pipettor assemblies. 

42. An automated method for isolating DNA from a biological sample 
containing DNA, comprising the steps of: 

(a) mixing a first reagent having a pH of at least 9, a sample, 
and magnetic particles in a magnetic processing tube such that the sample 
is lysed to release the nucleic acid in the sample, wherein the first reagent 
comprises (1) a lithium salt at a concentration of about 2-5 M; (2) a 
surfactant at a concentration of about 20-40% by volume; (3) a buffer; 

* 

(4) a chelating agent at about 5-20 mM; (5) a detergent at about 0.05 - 
2%; (6) an antifoaming agent at about 0.005-0.1% by volume, to form a 
lysate; 
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(b) optionally adding a second reagent to the lysate, such that 
the DNA binds to the magnetic particles, wherein the second reagent 
comprises (1) a lithium salt at a concentration of at least 9 M (2) a 
surfactant at a concentration of at least 5%, and (3) a buffer; and 

(c) applying a magnetic force to the magnetic processing 
tube; 

wherein the DNA is liberated from the sample. 

43 . An automated method for isolating DNA or RNA from, a biological 
sample containing DNA or RNA, comprising the steps of: 

(a) mixing a first reagent having a pH of at least 7, a sample, 
and magnetic particles in a magnetic processing tube such that the sample 
is lysed to release the nucleic acid in the sample to form a lysate, wherein 
the first reagent comprises (1) a lithium salt at a concentration of about 2- 
10 M; (2) a surfactant at a concentration of about 5-20% by volume; (3) a 
buffer, (4) a chelating agent at about 5-20 mM; (5) a detergent at about 
0.05 - 5%; and (6) an antifoaming agent at about 0.005-0.1% by volume; 

(b) adding a second reagent having a pH of at least 7 to the 
lysate, such that the DNA binds to the magnetic particles, wherein the 
second reagent comprises either (1) a buffered binding solution 
comprising a lithium salt at a concentration of at least 5 M, a surfactant at 
a concentration of at least 5%, a buffer, and optionally an alcohol, or (2) 
an alcohol binding solution comprising lithium salt at a concentration of 
at least 5 M and an alcohol at a concentration of at least 35% v/v; and 

(c) applying a magnetic force to the magnetic processing 

tube; 

wherein the DNA is liberated from the sample. 

44. The method of claim 43, wherein the buffered binding solution comprises 
a lithium salt at a concentration of at least 9 M, a surfactant at a 
concentration of at least 10%, and a pH of 8. 
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45. The method of claim 43, wherein the alcohol binding solution comprises 
lithium salt at a concentration of at least 5 M and an alcohol at a 
concentration of at least 55% v/v. 

46. A lysis solution for lysing cells comprising a alkali metal salt at a 
concentration of about 2 M to about 10 M, a detergent at a concentration 
of 0.05 to 2.0% w/v, a surfactant at a concentration of about 5 to 40% 
w/v, a chelating agent at a concentration of about 5 to 20 mM, an 
antifoaming agent, a buffer, and an antifoam agent of about 0.005 % to 
about 0. 1 %, wherein the solution has a pH of at least 7. 

47. The solution of claim 46, wherein the solution has a pH of at least 9. 

48. The solution of claim 46, wherein the solution has pH of at least 1 1 . 

i 

49. The solution of claim 46, wherein the alkali metal salt is lithium chloride 
or lithium bromide. 

50. The solution of claim 46, wherein the detergent is a non-ionic detergent. 



5 1 . The solution of claim 50, wherein the non-ionic detergent is a Tween 
class detergent, a Triton class detergent, a Tergitol detergent, Nonidets or 
Igepal. 

■ 

52. The solution of claim 46, wherein the detergent is an anionic detergent. 

53. The solution of claim 52, wherein the anionic detergent is SDS (sodium 
dodecyl sulfate). 

54. The solution of claim 46, wherein the surfactant is diethylene glycol 
monoethyl ether (DGME). 

55. The solution of claim 46, wherein the antifoaming agent is Dow 
Corning® Antifoam A compound. 
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56. The solution of claim 46, wherein the buffer is Tris buffer. 

57. The solution of claim 46, wherein the lithium salt is present at a 
concentration of about 2 M to about 5 M. 

58. The solution of claim 46, comprising 50 mM Tris (pH 10-1 1), 2 M LiCl, 
0.1% SDS, 30% DOME, 10 mM citrate and 0.05% Dow Corning® 
Antifoam A compound. 

59. The solution of claim 46, comprising 100 mM Tris (pH 7), 8 M LiCl, 
0.1% Triton X, 10% DGME, 10 mM EDTA and 0.01% Dow Corning® 
Antifoam A compound. 

60. The solution of claim 59, further comprising 20 mM TCEP. 

61. A reagent pack for purifying DNA, RNA or both RNA and DNA, 
comprising a container having different compartments, comprising a lysis 
solution, an optional binding solution, one or more wash solutions, and 
an elution solution, wherein the lysis solution, binding solution, one or 
more wash solutions and elution solution are contained in different 
compartments. 

62. The reagent pack of claim 61, wherein the lysis solution is the lysis 
solution of claim 30. 

63. The reagent pack of claim 61, further comprising a sealed cover. 

64. The reagent pack of claim 63, wherein the sealed cover is a pierceable 
material. 

65. The reagent pack of claim 63, wherein the sealed cover is a 
polypropylene cover. 
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66. The reagent pack of claim 63, wherein the sealed cover is a silicone 
evaporation barrier. 



67. A kit comprising packaging material and storage media for magnetic 
particles comprising glycerol, a buffer, and silica-coated paramagnetic 
particles. 
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